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Viral infectious diseases have been regarded as one of the greatest threats to global public health.
The recent coronavirus disease 2019 (COVID-19) pandemic caused by the severe acute respiratory
syndrome coronavirus-2 (SARS-CoV-2) is a stark reminder of the threat posed by emerging viral
infections. Developing and producing appropriate and efficient vaccines and therapeutics are the only
options to combat this pandemic. The COVID-19 pandemic has highlighted the need for novel vaccine
platforms to control and prevent emerging viral diseases. Conventional vaccine platforms, including
live-attenuated vaccine and inactivated vaccines, pose limitations in the speed of vaccine development,
manufacturing capacity, and broad protection for emergency use. Interestingly, vaccination with the
SARS-CoV-2 vaccine candidate based on the mRNA-lipid nanoparticle (LNP) platform protected
against COVID-19, confirming that the nucleoside-modified candidate is a safe and effective alternative
to conventional vaccines. Moreover, the prophylactic strategies against the COVID-19 pandemic have
been mRNA nucleic acid-based vaccines and nanoparticle-based platforms, which are effective against
SARS-CoV-2 and its variants. Overall, the novel vaccine platform has presented advantages compared
with the traditional vaccine platform in the COVID-19 pandemic. This review explores the recent
advancements in vaccine technologies and platforms, focusing on mRNA vaccines, digital vaccines,
and nanoparticles while considering their advantages and possible drawbacks.
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Table 1. Advantages and disadvantages of vaccine platforms
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Vaccine platform Advantages

Disadvantages

- Rapid development and production process

- Noninfectious and safety

RNA vaccine - Application of multiple vaccine
- Highly adaptable to new pathogens
- Safety and good tolerance

Requirement of vaccine delivery system
Requirement of low temperature storage and
transportation system

Inflammation due to enhanced type I IFN activa-
tion

Poor stability against endonuclease

- Rapid and safety of vaccine development

Complicated manufacturing process

Nanoparticle - Broad antigenic profile Poor physical stability in vi
. . . . - in vivo
vaccine - Simultaneous induction of humoral and cellular . p 4 Y
. . - Toxicity
immunity

- Only require genetic information encoding the

Digital vaccine .
internet

- Overcome time and space constraints

antigen: genetic information can be shared via the

Initial vaccine platform
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Table 2. mRNA vaccine platform for viral infectious disease
Target virus Vaccine antigen Delivery platform Reference
Influenza A virus Hemagglutinin (HA) Lipid nanoparticle [5, 6]
Ebola virus Glycoprotein E Lipid nanoparticle [43]
Nipah virus Glycoprotein Lipid nanoparticle [38]
Zika virus Premembrane (prM), Glycoprotein E Lipid nanoparticle [52]
Dengue virus NS3, NS4B, NS5 Lipid nanoparticle [54]
Rabies virus Glycoprotein Lipid nanoparticle [6]




Table 3. Nanoparticle-based vaccine platform for viral diseases
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Target virus Vaccine candidate Nanoparticles Clinical trials Reference
SARS-CoV-2 BNT162b2/ Lipid NPs Phase IV (Recruiting) [60]
ARCT-021 Lipid NPs Phase I//I1 (completed) [25]
Covac 1 Lipid NPs Phase I (completed) [27]
Influenza virus HA ferritin Ferritin-NPs Phase 1 (completed) [66]
HIV MPER-656 Liposome Phase 1 (completed)
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Fig. 1. Overview of digital vaccine platform.
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