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A B S T R A C T  

Objective: To analyze the advancements, difficulties, and potential of DNA and protein subunit vaccines, with an emphasis on 

manufacturing capabilities, safety, and effectiveness, and to gauge their influence on upcoming vaccine studies. 

Background: Purified pathogen fragments are used in protein subunit vaccines to boost immunity, whereas DNA vaccines use genetic 

material encoding antigens to trigger immune responses. Both offer unique opportunities and problems, but they have shown potential, 

especially during the COVID-19 epidemic. 

Methods: A thorough literature review was carried out, with an emphasis on current research, clinical trials, and technical 

developments pertaining to DNA and protein subunit vaccines. Relevance, technique, and field influence were taken into consideration 

when choosing key papers. Articles were selected based on information on current advancements and potential future prospectives. 

Results: The effectiveness of protein subunit vaccines has increased due to developments in adjuvants, protein expression, and 

stability. Scaling up manufacturing and high production costs are challenges. The advantages of DNA vaccines include improved 

efficacy because of developments in delivery technologies, such as lipid nanoparticles, rapid development and economical 

manufacture. The effectiveness of protein subunit vaccines has improved due to advancements in adjuvants, protein expression, and 

stability. Activating immunological responses, guaranteeing efficient DNA delivery, and overcoming regulatory obstacles are among 

the difficulties. DNA vaccines need more thorough testing, while protein subunit vaccinations have a strong safety record. 

Conclusion: Both vaccination platforms offer unique benefits. Protein subunit vaccines offer proven production techniques and 

superior safety, whereas DNA vaccines are developed and scaled quickly. To effectively combat infectious diseases, future 

development necessitates overcoming current obstacles, improving delivery methods, and investigating combination techniques. 

Further novel research, continuous studies and clinical trials are crucial to maximize their potential in international immunization 

campaigns.
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I N T R O D U C T I O N  

In the fight against infectious illnesses, vaccines have 

shown to be one of the most effective public health 

interventions1. Without causing the disease, they function 

by boosting the immune system's ability to identify and 

eliminate invaders like bacteria and viruses2. Over the 

course of advancements, vaccine research has changed, 

and recent worldwide health emergencies, such the 

COVID-19 pandemic, have sped up the creation of new 

vaccine platforms. Protein subunit vaccines3 and DNA 

vaccines4,5 are two of the most promising strategies; both 

have drawn a lot of interest in the fields of immunology and 

vaccine research6. Although both DNA and protein subunit 
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vaccines have shown a great deal of promise7, their 

methods of action, manufacturing procedures, and 

difficulties are very different. While DNA vaccines provide 

the benefits of quick creation and scalability, protein 

subunit vaccines typically have a longer history of safety 

and efficacy8. The need to compare these two platforms in 

terms of their efficacy, safety, and production scalability is 

growing as the need for vaccines around the world rises, 

particularly considering newly emerging infectious 

illnesses and the potential of pandemics. With an emphasis 

on their uses, manufacturing processes, and safety 

profiles, this review attempts to examine the major 

developments, difficulties, and potential paths forward in 

the creation of protein subunit and DNA vaccines.  

By contrasting these two vaccination platforms, we hope to 

offer a thorough grasp of how they might work in tandem 

within the global vaccine development environment and 

how they might change to meet the demands of future 

vaccine deployment, especially in environments with 

limited resources. Highlighting current developments in the 

area, like the ongoing development of next-generation 

adjuvants for protein subunit vaccines and the use of 

innovative delivery mechanisms for DNA vaccines is 

needed for future advancements. Additionally, the 

manufacturing and regulatory obstacles that prevent both 

kinds of vaccines from being produced on a big scale and 

offer possible ways towards improvements. This review 

ultimately seeks to advance knowledge of how protein 

subunit and DNA vaccines can influence vaccine 

development going forward by synthesizing the current 

state of research and offering insight into the most 

successful methods for preventing infectious diseases in 

the twenty-first century. Table 1 providing data on efficacy 

of protein subunit and DNA Vaccines. 

R E S U L T  A N D  D I S C U S S I O N   

Protein Subunit Vaccines 

Vaccines containing pure proteins or fragments obtained 

from infections that trigger immune responses are known 

as protein subunit vaccines17. These vaccinations 

frequently contain one or more antigens, which are the 

pathogen's proteins or other components that elicit 

immunity8. Since protein subunit vaccinations don't contain 

live pathogens like whole-virus or whole-bacterium 

vaccines do, there is a lower chance of negative 

reactions18. Protein subunit vaccines have been effectively 

created in recent decades to prevent diseases like 

influenza19, hepatitis B20, and the human papillomavirus 

(HPV)21. With the development of vaccines such as NVX-

CoV2373 (Recombinant, Adjuvanted) COVID-19 Vaccine 

demonstrating encouraging outcomes22, protein subunit 

vaccines have recently played a major role in the battle 

against COVID-1923. 

Despite being largely regarded as safe, protein subunit 

vaccinations present several difficulties. Producing and 

purifying recombinant proteins at a scale that satisfies 

demand worldwide is one of the main challenges24. 

Furthermore, adjuvants are frequently needed to improve 

the immune response to the antigen, and vaccine 

effectiveness depends on how well these adjuvants are 

optimized25. Furthermore, a crucial topic of research is 

finding ways to guarantee the stability of protein-based 

vaccines, particularly at room temperature. 

Table1. Efficacy of Protein and Subunit Vaccines. 

Vaccine 
Type 

Vaccine Name Technology Efficacy Adjuvant Used 
Manufacturing 
Considerations 

Protein 
Subunit 

Nuvaxovid 
(NVX-CoV2373) 

Recombinant 
protein 

~90% 
(COVID-19)9 

Matrix-M (Saponin-
based)9 

Requires insect-cell-
based expression 

system10 

HEPLISAV-B 
Recombinant 
Hepatitis B 

vaccine 

~95% 
(Hepatitis 

B)11 

CpG 101812 (TLR9 
agonist) 

Stable at 2–8°C, 
conventional production13 

DNA 
Vaccine 

ZyCoV-D 
Plasmid DNA-

based 
~67% 

(COVID-19)14 
Electroporation 
(Needle-free) 

Rapid production, room-
temperature storage15 

INO-4800 DNA-based 
Phase 3 trials 

ongoing16 
Electroporation 

Easily scalable, requires 
electroporation devices 
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DNA Vaccines 

DNA vaccines are a more recent and creative method7. To 

administer these vaccinations, DNA encoding particular 

pathogen antigens is directly injected26. After the DNA 

enters the body, host cells absorb it and utilize the genetic 

material to create the pathogen's antigens. Both the 

humoral (antibody-mediated)27 and cellular (T-cell-

mediated)28 arms of immunity are activated when this 

process sets off an immune response. The ease of 

manufacture, the possibility of quick scale-up, and the 

capacity to target a variety of pathogens are some benefits 

of developing DNA vaccines7,29. Animal tests of DNA 

vaccines against cancer30,31, malaria32, and the Zika virus33 

have been completed with success. Despite these 

benefits, a number of issues with DNA vaccines must be 

resolved before they can be widely used. 

The effective transfer of DNA into host cells is a significant 

challenge. Although DNA uptake has been enhanced 

recently by lipid nanoparticles (LNPs)34 and electroporation 

techniques35, more optimization is required to achieve high 

levels of immune response. Furthermore, research is still 

ongoing to determine the long-term safety and 

effectiveness of DNA vaccines, especially in people36. 

Furthermore, the effective role of DNA vaccines for 

emergency use, such ZyCoV-D for COVID-1937, has raised 

hopes for their future. Table 2 below compares DNA 

vaccines and protein subunit vaccines in terms of 

effectiveness, safety, risks, production and applications. 

Table 2. Comparison of DNA and Subunit Vaccines in Terms of Efficacy and Applications. 

Criteria DNA Vaccines Protein Subunit Vaccines 

Mechanism of 
Action 

DNA encoding pathogen antigens is delivered 
into cells, where it triggers the production of the 
antigen to stimulate immunity38. 

Purified pathogen proteins or subunits are 
introduced to stimulate an immune response39. 

Effectiveness  
 

Both humoral (mediated by antibodies) and 
cellular (mediated by T cells) immunity may be 
triggered.  
Depending on the distribution strategy (lipid 
nanoparticles, for example), efficacy may differ.  
- Emerging clinical research shows encouraging 
outcomes for illnesses like COVID-19 (e.g., 
ZyCoV-D)40,41. 

Very successful at eliciting immunological 
responses, particularly for illnesses with distinct 
antigens (e.g., HPV, Hepatitis B).  
A successful track record, as evidenced by the 
effectiveness of vaccines such as Novavax 
“saponin-based adjuvant” (COVID-19)42,22. 

Safety 

Generally regarded as safe, these vaccinations 
have fewer adverse effects than live-attenuated 
ones.  
Although long-term safety evidence is still being 
gathered, worries about plasmid DNA immune 
response and genetic integration remain29.  

A long history of usage in vaccines (e.g., HPV, 
Hepatitis B) has led to a well-established safety 
profile.  
Injection site discomfort and moderate fever are 
common minor adverse effects19. 

Adjuvants 
 

Usually needs adjuvants (such as 
electroporation or lipid nanoparticles) for an 
effective immune response.  
To enhance delivery and immune activation, 
research is still being conducted43.  

- frequently needs adjuvants such as MF5944 

(an oil-in-water emulsion adjuvant containing 
squalene) or aluminum salts to strengthen the 
immune response because protein antigens 
might not be enough to produce robust 
immunity on their own45. 

Production 
Complexity 

Quicker and simpler to make than vaccinations 
using protein subunits.  
In vitro, DNA plasmids can be produced rapidly.  
Issues with DNA stability and effective 
delivery46.  

More costly and intricate to produce on a large 
scale.  
Involves the time-consuming and expensive 
process of expressing recombinant proteins in 
cell cells. 

Manufacturing 
Scalability 

Extremely scalable and capable of rapid 
production in the event of an outbreak.  
Economical in large-scale manufacture because 
of straightforward manufacturing procedures46. 

Because protein purification and quality control 
are required, production is slower and more 
expensive than with DNA vaccines47. 
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Cold Chain 
Requirement 

Usually needs to be kept cold, although new 
formulations are making stability better.  
DNA vaccine stability at room temperature is 
still being worked out48. 

Protein stability frequently requires stringent 
cold chain management (e.g., 2–8°C), however 
new developments in stabilizers and adjuvants 
are enhancing storage49. 

Regulatory 
Approval 
Status 

Certain DNA vaccines, including ZyCoV-D, have 
been approved for emergency use.  
Many DNA vaccines still need full regulatory 
approval15. 

Numerous protein subunit vaccines, such as 
those for HPV and Hepatitis B, have received 
international licensure and approval.  
Vaccines against the COVID-19 protein 
component, such as Novavax (saponin-based 
adjuvant), are approved for emergency use50. 

Applications 

It can be applied to a variety of illnesses, 
including as genetic disorders, cancer 
immunotherapy, and viral infections (such Zika 
and COVID-19).  
Ideal for quick reactions to emerging 
pandemics51. 

Hepatitis, influenza, HPV, and COVID-19 are 
among the illnesses for which it is effective 
against known antigens. It is also used for 
routine vaccination against chronic infections52. 

Side Effects 
and Potential 
Risks 

DNA vaccines are generally well-tolerated, with 
mild adverse effects such as injection site 
reactions, fever, and fatigue53. However, there 
are concerns regarding potential genomic 
integration, the risk of inducing autoimmunity 
and long-term persistence of plasmid DNA54. 
Theoretical risks include the possibility of anti-
DNA antibodies, although clinical evidence is 
still inconclusive55. 

Protein subunit vaccines have a firm safety 
profile but might induce mild to moderate side 
effects such as local pain, fever, and 
exhaustion56. Some protein-based vaccines 
require strong adjuvants, which can increase 
reactogenicity, leading to heightened immune 
responses or inflammatory reactions in some 
cases57. There is also a potential risk of allergic 
reactions to certain protein components58. 

Table 3. Types of Adjuvants. 

Adjuvant Type Mechanism of Action Effectiveness & Application Safety Profile 

Aluminum-Based 
Adjuvants 

Forms a depot at the injection site, 
prolongs antigen exposure, activates 
immune cells64. 

Used in DTP, Hepatitis A & 
B, HPV vaccines64. 

Local site reactions, mild fever. 

Emulsion-Based 
Adjuvants 

Oil-in-water emulsion enhances 
antigen uptake by APCs65. 

Used in influenza vaccines, 
improves antibody response. 

Mild systemic reactions (fatigue, 
muscle pain), rare allergic 
reactions65. 

Toll-Like Receptor 
(TLR) Agonists 

Activates TLR4 (MPL) or TLR9 
(CpG), enhances innate and adaptive 
immune response66. 

Used in HPV, hepatitis B, and 
malaria vaccines66. 

Low risk of autoimmunity, mild 
systemic effects. 

Saponin-Based 
Adjuvants 

Stimulates dendritic cells, enhances 
cellular immunity67. 

Used in malaria and shingles 
vaccines67. 

Transient pain at the injection 
site, fever. 

Virosomes & 
Nanoparticles 

Mimics virus-like particles, enhances 
antigen presentation and immune 
activation63. 

Used in COVID-19 (NVX-
CoV2373) and hepatitis A 
vaccines. 

Mild local and systemic 
reactions, well-tolerated. 

 

Future Directions for Protein Subunit Vaccines 

The efficacy, safety, and scalability of vaccine platforms 

can now be improved because to the quick developments 

in vaccine technology59. Protein subunit vaccines have 

already demonstrated their effectiveness against various 

infectious diseases. However, there is room for 

improvement in several key areas to maximize their 

potential. 

Development of More Effective Adjuvants 

Protein antigens alone may not elicit significant immune 

responses, so adjuvants are frequently included in subunit 

vaccinations to supplement the immune response60. The 

goal of future research is to create less reactive and more 

effective next-generation adjuvants61. Adjuvants based on 

saponins, such as Matrix-M (a saponin-based adjuvant 

derived from the bark of the Quillaja saponaria tree), which 
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is a component of Novavax's COVID-19 vaccine, have the 

potential to improve humoral and cellular responses62. In 

clinical trial phase 3, conducted in the United Kingdom, 

Novavax's COVID-19 vaccine candidate, NVX-CoV2373, 

has demonstrated an overall effectiveness of 89.7% 

against COVID-199. Adjuvants based on nanoparticles 

may provide offer longer-lasting immune activation and 

more precise delivery63. Table 3 above provides details 

about some types of vaccine adjuvants, their mechanism 

of action and applications. 

Improving Vaccine Stability 

Cold chain storage is frequently necessary for protein 

subunit vaccinations to remain stable, which makes 

distribution difficult in environments with limited 

resources68. The goal of future studies is to use stabilizers 

and freeze-drying methods to increase the thermostability 

of protein antigens69. For example, formulations that 

include protein encapsulation in nanoparticles or sugars 

like trehalose may assist increase stability in ambient 

circumstances70.  

Scaling Up Production 

Recombinant protein expression in mammalian or insect 

cells is one of the intricate and expensive procedures used 

in the creation of protein subunit vaccines. Utilizing plant-

based expression systems or cell-free protein synthesis 

are two examples of bioprocess engineering 

advancements that could lower costs and boost 

scalability71. These techniques are especially pertinent for 

quick reactions to outbreaks and pandemics. 

Future Directions for DNA Vaccines  

Because of their quick development cycle and capacity to 

elicit humoral and cellular immunity, DNA vaccines have 

become a potential platform72. In the future, the following 

domains will be crucial to their progress. 

Personalized Medicine 

The capacity of DNA vaccines to encode specific antigens 

has enormous promise for customized therapy, especially 

in the treatment of cancer73. Tumor-specific antigens can 

be encoded into custom DNA vaccines, allowing for 

accurate cancer cell targeting74. Field of personalized 

medicine is expected to advance because of the 

advancements in genomic technology and AI-driven 

antigen design75,76. 

Optimizing Delivery Methods 

DNA transport into host cells and its efficiency is still 

challenging77. Future studies will concentrate on improving 

delivery methods like viral vectors, electroporation, and 

lipid nanoparticles78. Cutting-edge techniques like polymer-

based carriers79 and microneedle patches may also 

increase delivery effectiveness and lessen the necessity 

for invasive techniques80.  

Potential Use in Cancer Vaccines 

Because DNA vaccines stimulate both innate and adaptive 

immunity, they have demonstrated potential in cancer 

immunotherapy81. DNA vaccines that encode checkpoint 

inhibitors or neoantigens, for instance, have shown 

promise in preclinical cancer models82. To assess their 

efficacy in treating human diseases like lung cancer and 

melanoma, clinical trials are still being conducted73.  

Combination Approaches 

By utilizing each platform's advantages, combining DNA 

and protein subunit vaccines may have synergistic effects. 

Broader Protection 

Protein subunit vaccinations can serve as boosters to 

improve antibody titers and long-term memory 

responses83, whereas DNA vaccines can activate the 

immune system by encoding antigens84. This strategy may 

offer more comprehensive defense against various 

pathogen strains or variations.  

Higher Efficacy 

By more successfully promoting humoral and cellular 

immunity, combining the two platforms may increase 

efficacy85. For example, subunit vaccinations produce 

potent antibody responses86, but DNA vaccines can 

stimulate powerful T-cell responses38. A combination like 

this might be very helpful for diseases like HIV, malaria, or 

newly discovered zoonotic viruses87.  

Rapid Pandemic Response 

When it comes to pandemics, DNA vaccines can be quickly 

created and manufactured for initial distribution, and as 

production is scaled up, protein subunit vaccines can be 

used as boosters88. This two-pronged strategy could 

maximize vaccination coverage and guarantee long-term 

protection in populations. 
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C O N C L U S I O N  

Vaccinations have transformed public health by 

successfully preventing infectious diseases. The 

continuous developments in DNA and protein subunit 

vaccines represents a crucial area in immunology and 

biotechnology. Improved production methods, increased 

stability, and next-generation adjuvants all contribute to 

proven efficacy against a variety of viral illnesses, including 

hepatitis B, influenza, and HPV. The expensive production 

procedures, stability in non-cold-chain environments, and 

dependence on adjuvants are among the difficulties. DNA 

vaccines are a desirable alternative due to their quick 

design, simplicity in manufacturing, and capacity to elicit 

humoral and cellular immunity. Regulatory permission for 

widespread use, long-term safety concerns, and 

distribution mechanism optimization are some of the 

current obstacles. By utilizing the advantages of both 

platforms, the synergistic application of DNA and protein 

subunit vaccines provides increased protection and 

enhanced efficacy.  

Combination tactics may be crucial in combating 

pandemics, especially if DNA vaccines and protein subunit 

boosters are quickly implemented. By enabling targeted 

responses to both endemic and emerging infectious 

illnesses, these developments highlight the potential to 

completely transform vaccine development. DNA and 

protein subunit vaccines are complimentary strategies that 

have the potential to revolutionize vaccine development 

worldwide. The scientific community can better prepare for 

the changing landscape of infectious illnesses in the 

twenty-first century by funding cutting-edge research, 

resolving current obstacles, and encouraging collaboration 

between different platforms.    
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