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Introduction
With the spread of pandemics, the need for more effective protection is rising. Traditional 

inactivated vaccines and mRNA vaccines are coming into the limelight and becoming 
mainstream. This paper aims to discuss new directions and breakthroughs in vaccine 
protection in the face of infectious disease outbreaks and to provide ideas and possibilities 
for subsequent development.

Background
Since the new coronavirus pandemic in late 2019, the global death toll has reached 

millions, and the number of infected people has reached hundreds of millions. There are 
numerous ways to fight off the virus, from the short-term effectiveness of inactivated vaccines 
at the beginning to mRNA vaccines. However, in May this year, circ RNA vaccines came into the 
spotlight. Wei noted in his article that circ RNA induces many neutralizing antibodies and T 
cell replication in cellular immunity by expressing a trimeric RBD on the S protein. Compared 
to mRNA vaccines, circ RNA vaccines can induce a higher proportion of neutralizing antibodies 
and Th1-skewed T cell immune response through high levels of persistent antigen. More 
importantly, such neutralizing antibodies aimed to induce against Omicron, which means that 
this could be a new direction for future vaccine research [1].

Structure and Function
Due to the specific structure of the S protein surface and the possible existence of highly 

conserved and vulnerable regions within its RBD, a booster injection of a third shot led to a 
broad and effective enhancement of neutralizing antibody levels. More and more studies are 
beginning to confirm this idea. It also inspired us: can we achieve protection against the virus 
by continuously inducing antigen production and thus directing neutralizing antibodies to 
persist at high levels? Then Circular RNA comes in. Circular RNAs are a class of non-coding 
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Abstract
The SARS-CoV epidemic has been ongoing worldwide for three years since reported. During the epidemic, 
scientists worldwide have worked tirelessly to develop various vaccines and effective drugs. This short 
review focuses on the current state of vaccine research and discusses the future direction of vaccine 
development.
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RNAs with a circular structure and no terminal motifs, such as a 
cap at the 5’ end and a poly-A tail at the 3’ end. Circ RNAs were 
discovered in 1976 and proved highly conserved in species evolution 
during repeated sequencing and studies [2]. Based on its structural 
properties, circ RNA forms and expresses stably, to some extent 
even more stable than linear RNA, and is resistant to degradation 
by various RNA exonucleases. Also, circ RNA is more durable in 
protein expression than traditional linear RNA [3]. A significant 
advantage of circular RNAs over linear mRNAs is their stability. 
The circular RNA structure allows them to avoid recognition by the 
innate immune system and nucleic acid exonucleases, significantly 
reducing immunogenicity and providing higher stability.

Compared with Traditional Vaccines
Attenuated and inactivated vaccine

Traditional attenuated and inactivated vaccines are now 
successfully used to prevent various diseases. However, their 
drawback is also apparent: the potential virulence may become the 
causative factor for future disease outbreaks [4]. 

Protein vaccine
Protein vaccines are commonly used in emergency outbreaks 

of SARS-CoV-2 and have the advantage of being stable and easy 
to distribute. The rapid-onset robust immune response provides 
good and short-term protection from the virus. However, protein 
vaccines are weak in stimulating a T-cell response and require 
adjuvants. The S protein may have incorrect isomerization if not 
produced in mammalian cells [5].

DNA vaccine
DNA vaccines may sound like a viable option: low production 

costs and the ability to produce rapidly; induce B and T cell 
responses, and have a long shelf life; however, owing to their 
low safety profile and susceptibility to integration with recipient 
chromosomal DNA resulting in insertional mutations, DNA vaccines 
did not get widely applied [6].

mRNA vaccine
mRNA vaccines are vaccines that express antigens after 

delivery of mRNA to host cells. The cells use mRNA as a template 
to generate antigens using host cell translation mechanisms, build 
proteins through a translational process, and elicit B- and T-cell 
immune responses. Due to its high-yield in vitro transcriptional 
response, mRNA has the potential for rapid, inexpensive, and 
scalable manufacturing, significantly reducing development time 
and allowing for rapid response to epidemics. Compared to DNA 
vaccines, mRNA vaccines are superior because they do not interact 
with or integrate into the genome [7]. mRNA vaccines also have the 
advantages of not needing to deal with infectious viruses, causing 
fewer adverse reactions such as allergies, and being able to be 
produced quickly, making them a hot topic for vaccine research in 
recent years. 

However, the unstable and inefficient delivery of mRNA in vivo 
has limited the application of this vaccine. Studies have extensively 

explored effective delivery systems for mRNA vaccines to prevent 
rapid degradation of mRNA and facilitate its entry into target cells. 
New delivery methods have been generated, such as the widespread 
use of Lipid Nanoparticle (LNP) carrier technology, which has 
solved the problem of mRNA delivery routes [8]. Nevertheless, 
there are still some questions about mRNA that still need people 
to address: for example, encoding only some fragments rather than 
the whole virus limits its immunogenicity; lack of interaction with 
RNA receptors in vivo may weaken immune stimulation; a Low-
temperature environment is the ideal storage environment for 
mRNA vaccines, and in vivo administration and uptake of vaccines 
is challenging [9,10].

Circ RNA vaccine
Since cyclic RNA does not require the addition of a 5’ cap and 

poly-adenylate tail (poly-A tail) at the 3’ end, it may not be more 
complicated than synthesizing linear mRNA in the production 
process. Moreover, circular RNA folding produces a more compact 
conformation than linear RNA, and more circular RNA can be 
loaded using the same LNP, providing efficiency in the delivery of 
RNA therapeutics [11]. All in all, the development of circ RNA for 
vaccines seems to be full of rationale. First, circ RNA expression 
is stable and requires slight modification to express stably in 
eukaryotic cells [12]. Secondly, the unique loop structure of circ 
RNA (the poly-A tail at the 3’ end connected to the 5’ end of the cap 
at the upstream head) allows the connected covalent bond to confer 
the ability of circ RNA to resist decline. Also, researchers have 
viewed circ RNA as a method to regulate gene expression. Through 
stable expression and translation in rhesus monkeys and mice, circ 
RNA exerts a special protective effect in animals potentially infected 
with SARS-CoV-2. In addition, the team also demonstrated that 
synthetic circ RNA could play against SARS-CoV-2 pseudo virus by 
expressing neutralizing antibodies and hACE2 decoys [13]. These 
results above provide a bright prospect for further research on 
circ RNA vaccines against viral infections. circRNA vaccines have a 
tremendous upside and a broad market prospect in the future.

Future outlooks
As the research progressed, some researchers elucidated the 

mechanisms of circ RNA. Of course, we still need more studies to 
explain further questions: 

A. How to effectively control the expression level of circ RNA 
to prevent its over-expression and cause unintended effects 

B. Can we continue to reduce the immunogenicity of cyclic 
RNA itself and generated during the production process? 

C. In the face of SARS-CoV-2, which has many mutation 
sites and is prone to mutation, will the circ RNA vaccine that 
has been synthesized and implanted in the body continue to 
work without adverse effects? Although circ RNA research 
has reached significant progress, unfortunately, most of the 
current research is still in the experimental or preclinical stage, 
and the action of circ RNA in humans has not been in clinical 
trials. However, considering the future direction of viral vaccine 
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development, the circ RNA vaccine has a relatively far-reaching 
prospect. We expect that with the help of capital, this innovative 
technology will enter the clinical development stage soon and 
show its potential to treat diseases.
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