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Abstract: The (Coronavirus Disease 2019) COVID-19 outbreak has caused a Public Health 
Emergency globally. The SARS-CoV2that causes COVID-19 belongs to the beta strain of the 
coronavirus family. It is genetically like MERS-CoV and SARS-Cov. Until now, COVID-19 had 
infected over 190,000,000 people. The people with the infection usually suffer acute respiratory 
distress syndrome and cytokine storm in the elder and other populations with chronic diseases, death 
commonly occurs. As the number of infections is increasing dramatically, and there is still no 
effective therapy for this disease, to prevent the further outbreak, developing an effective SARS-
CoV-2 vaccine is urgently demanded. Currently, several institutions and companies have achieved 
great success in developing the SARS-CoV-2 vaccine. There have adenovirus vector vaccines, 
mRNA vaccines, and inactivated virus vaccines available in the market. However, during the 
fermentation of the pandemic, many variants of SARS-CoV-2 occurred, for example, the Delta and 
Delta plus strain which may have the ability to make the immune escape and dramatically decrease 
the effectiveness of the vaccines. This literature review will summarize several types of candidates 
of COVID-19 vaccines in four aspects, i.e., nucleic acid, inactivated virus, subunit protein, and viral 
vector, to promote further investigation and advertising of the vaccines. CCS CONCEPTS • Applied 
computing • Life and medical • sciences health care information systems. 

1. Introduction 
In December 2019, the Coronavirus disease 2019 (COVID-19) was first detected in China. C. The 

people infected with this virus will have fever, cough, and muscle ache, sometimes with difficulty in-
breath [1]. Moreover, it will cause death, especially in the elders and kids [2]. This virus can infect 
people through exposure to the respiratory fluid which contains it [3]. COVID-19 has been declared 
as a pandemic by WHO on March 11, 2020 [4]. Compared with the SARS and  COVID-19 has higher 
contagiously [5]. Some research indicates that in the conjunctiva, the replication rate of SARS-CoV 
was weaker than SARS-CoV-2 and the same situation occur in the bronchus [6]. Until July 2021, 
194,825,130 [7] people had been infected by COVID-19, and 4,175,080 [7] of them died. Furthermore, 
the outbreak of COVID-19 also causes severe economic setbacks in countries around the world. The 
current literature suggests that people who live in the situation of the COVID-19 pandemic may have 
a high burden of mental health problems such as depression, anxiety disorders [8]. Currently, there 
have no specific therapy or medication available to treat COVID-19. All the managements are based 
on supportive therapy to prevent the failure of the respiration system. With no effective treatment, 
vaccination can be an effective way to prevent further outbreaks. Vaccination is one of the most 
effective ways to prevent infectious diseases in the world. It plays a critical role in eradicating smallpox 
and restricting some diseases such as polio, measles, and tetanus, saving many lives [9]. The first 
vaccine in the world was produced in 1796 by English physician Edward Jenner [10]. With the 
development of biotechnology and understanding the virus, more and more vaccines are manufactured 
against infectious diseases. In this 2019 COVID-19 pandemic, many different types of vaccines are 
produced against the disease. In general, there are four types of vaccines available now: inactive 
vaccines, nucleic acid vaccines, protein subunit vaccines, and Viral vaccines. Some of them have 
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already reached the market for the public. This article aims to briefly introduce the mechanism of these 
vaccines and briefly discuss their strength and weakness. 

2. SARS-CoV-2 Virus 
2.1 Coronavirus family 

SARS-CoV-2 stands for the severe acute respiratory syndrome coronavirus 2 [11]. SARS-CoV-2 
shares a similar structure as the other coronavirus family members, with crown-like thorns on their 
surface. In addition, they include spike protein, membrane protein, envelope and nucleocapsid protein, 
and viral RNA [12]. 

 
Figure 1. Structure of the SARS-CoV2[13] 

There have more than 30 types of coronavirus in the world [14] which are divided into four distinct 
genera (alpha, beta, gamma, and delta) [15] Outsides that alpha-CoVs and beta-CoVs circulate in 
mammalian hosts and gamma-CoVs and delta-CoVs mainly infect birds [16]. Seven strains of the 
virus are found to be circulating in the human population, including two alpha coronavirus (HCoV-
229E; HCoV-NL63), five beta strains (HCoV-OC43; HCoV-HKU1; MERS-CoV; SARS-CoV, and 
novel SARS-CoV-2) [12]. In these seven strains, the MERS-CoV and SARS-CoV have cause serious 
issues globally before. For example, in February 2003, the SARS-Cov was first reported in Asia and 
cause a global pandemic of SARS [2]. In that pandemic, 8422 people got infected, and 919 died, 
approximately11% [2]. Furthermore, in 2012, the MERS-CoV is reported in Saudi Arabia, which can 
cause MERS [3]. Util 2019, WHO got 2982 reported cases, and 852 of the patients died; the death rate 
is approximately 34 %. Usually, the bat SARSr-CoV will not infect people; however, as coronavirus 
are RNA-based, progress called RNA recombination is frequently in progress. The RNA combination 
is a way that the RNA virus uses to enhance its diversity [7]. The RNA recombination usually occurs 
within the RNA virus at regions containing S genes and the upstream oforf8. The S genes encode the 
spike proteins with the receptor-binding domains, and the oforf8 encodes an accessory protein [7, 8]. 
Therefore, some scientists suggest that the emergence of SARS-CoV2 may result from the frequent 
RNA recombination and tremendous genetic diversity of coronavirus [2]. SARS-CoV2 are genetically 
close to SARS-Cov; they share 83% similarity [10]. Additionally, the proteomic similarity analyses 
show that over 95% homology is funded between most proteins in these two strains of SARS-CoVs, 
i.e., RdRp and 3CLpro protease [2]. The S proteins in the SARS-CoV2 also share high similarities 
with the SARS-CoV, i.e., an S protein domain, 76% of sequences (2, 10). orf8 and orf10 are the two 
unique proteins that show no homology between the SARS-CoV and SARS-CoV2, not only with the 
SARS-CoV, but these proteins are also genetically different from any other CoV strains [11]. 

2.2 Origin 
Recent studies and databases show that all human CoVs are originated from animals [17]. So far, 

much research indicates that the bats may be the natural hosts of alpha and beta CoVs, as close 
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phylogenetic relationships are found between them [18]. However, the bats were unlikely to be the 
direct source of these diseases, as many patients have no history of contact with bats [9]. Therefore, 
an intermediate host is needed to transmit the disease. For example, in the study of MERS-CoV that 
scientists find that MERS-CoV may originate from bats, but camels are the direct source of MERS-
CoV, which transmit the disease to the human [10, 19–21]. In addition, according to Su et al., 2016, 
the genome of SARS-CoV2 shows a 96.2 % homology to RaTG13, a bat SARS-related coronavirus 
collected in Yunnan province, China [22], which indicates that this disease also originates for bats. 
However, the intermediate host of transmitting the SARS-CoV-2 is still unknown. 

2.3 Mutation  
As the pandemic progressing, genetic variants of SARS-CoV2 have been found and reported around 

the world. Outsides those variants the B.1.1.7 (Alpha), B.1.351 (Beta), B.1.617.2 (Delta), and P.1 
(Gamma), variants are considered as a variant of concern, as they may lead to an increase in 
transmissibility, more server disease (13). The emerging and circulating of the variants around the 
world have changeling the existing public health systems. The variants may cause the failure of 
diagnosis, vaccine effectiveness reduction, existing therapies, and higher outbreak [13, 16]. The virus 
invades the human body by interacting between the spike protein receptor-binding domain and human 
receptor ACE2 [23]. Usually, ACE2 is highly expressed in the lung, ileum, Colon, kidney esophagus, 
myocardium, bladder, and oral mucosa, making infection easy to occur at these tissues [15].  

3. Vaccine 
Currently, there has no effective clinical treatment for the COIVD-19. Therefore, vaccination seems 

to be the most effective way to prevent the further outbreak of the disease. There are four categories 
of vaccines in clinical trials [24] and the markets: inactivated, protein subunit, nucleic acid, and viral 
vector. Until 26/01/2021, the COVID-19 vaccines candidates in clinical phase I-III sort by types are 
15, 13, 20, 15, respectively [25].  

 
Figure 2. Current vaccines candidates [26] 

3.1 Inactivate vaccine 
In the long history of vaccine development, the inactivated vaccine has been practiced many times 

and gained massive success. They have been used to prevent various infectious diseases caused by the 
virus, such as influenza virus and poliovirus [20, 21]. Inactive vaccines use the whole virus with the 
genetic destroyed, so replication will not occur in the receptors' body but can still trigger an immune 
response. The inactivated vaccines are produced by growing the bacterium or virus in culture media 
and then inactivating it with heat or chemicals, usually formalin [18]. As the most mature vaccine 
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system, the inactivated vaccine is used against the COVID-19. Moreover, currently, the inactivated 
vaccine is widely used in China. Several companies have already launched their inactivated vaccine, 
such as SINOVAC, BEIJING INSTITUTE OF BIOLOGICAL COMPANY [27]. 

3.1.1 Advantage and concern of inactivated vaccine. The inactivated vaccines have the following 
benefits. Primarily, its preparation is traditional and classical, which is mature and reliable [18]. 
Furthermore, compared with other technical routes, inactivated vaccines have mature R&D platforms, 
stable production processes, controllable quality standards, sound protection effects, and are easy to 
produce on a large scale Moreover. Inactivated vaccines can increase human antibodies and reduce the 
chance of contracting new coronavirus, suitable for the elderly or children, people with low body 
immunity, and weak constitution. Inactivated vaccines are easy to store [23]. Although the inactivated 
vaccines are well-practiced in recent years, they also have some limitations. The first is that an 
inactivated vaccine always requires multiple doses to achieve the desire concentration of antibodies. 
Usually, the protective response will not develop until the receiver gets their second or third dose [28]. 
In some situations that some inactivated vaccines may require periodic supplemental doses to increase 
or "boost" antibody titers [29]. 

3.2 Protein subunit Vaccine 
Protein subunit vaccine is another candidate against COVID-19. During the investigating process, 

which protein will be chosen to put in the vaccine is critical. The proteins need to satisfy at least two 
criteria that will not cause the disease and will be able to trigger the immune response. Among various 
kinds of proteins, the S protein becomes the most popular target, as it will not cause the COVID-19 
and will trigger the Antigen-Presenting cell [23]. When the APC recognizes the S protein of the virus, 
it will present the marker peptide of S protein to the T- help cell to further stimulate the Killer T-Cell 
and the memorization of the B Cell. Several institutions have initiated programs on the SARS-CoV-2 
subunit vaccine that uses the S protein as antigens. In this COVID-19 pandemic, many companies put 
their efforts into investigating the protein subunit vaccines containing refined proteins from viral or 
bacterial pathogens against the disease, such as Novavax, Anhui Zhifei Longcom Biopharmaceutical, 
Kentucky Bioprocessing, and Sanofi/GlaxoSmithKline [30]. For instance, Novavax uses Novavax's 
recombinant nanoparticle technology to generate antigen derived from the S protein and uses 
Novavax's patented saponin-based Matrix-MTM to act as the adjuvant to stimulate the immune 
response high level of neutralizing antibodies. NVX-CoV2373 was created using Novavax's 
recombinant nanoparticle technology to generate antigen derived from the coronavirus spike (S) 
protein and adjuvanted with Novavax's patented saponin-based Matrix-MTM to enhance the immune 
response and stimulate high levels of neutralizing antibodies [25]. In two pivotal phase 3 trials, NVX-
CoV2373 demonstrated the efficacy of 96.4% in the UK against the original virus strain, and for the 
B.1.1.7 (Alpha) variant, 86.3% efficacy was found [25]. The vaccine manufactures by the Anhui Zhifei 
Longcom Biopharmaceutical is also based on the S protein; the vaccine was approved for registration 
in Uzbekistan on March 1, 2021 and is the first recombinant protein vaccine to be approved for use in 
the world. The vaccine was also approved for emergency use in China on March 10, 2021. The ZF2001 
vaccine was based on the dimer concept of the receptor-binding region (RBD) of the previous MERS 
coronavirus spike-in protein (S). The neo-coronavirus RBD was designed as a dimer (RBD-dimer) 
antigen by tandem repeats, which successfully preserved the vaccine's efficacy and resulted in higher 
neutralizing antibody titers in mice after immunization the monomeric immunization effect [26]. After 
two doses of vaccine in the clinical trials, 76% of people can produce neutralizing antibodies. 
Neutralizing antibodies were produced in 97% of individuals after three doses of vaccine. The 
geometric mean titer (GMT) of antibodies reached 102.5, exceeding the serum neutralizing antibody 
level (GMT, 51) in 89 newly recovered patients [26]. 

3.2.1 Advantage and concern of protein subunit vaccine. A significant advantage of protein subunit 
protein is that it uses part of the pathogen, so it will not be able to transmit the disease [20]. In addition 
to this, subunit vaccines are less prone to generate side effects at the inoculation site. Furthermore, due 
to stable conditions and definite pathogen fragments, subunit vaccines achieve reliable production 
[23]. However, this type of vaccine still has some limitations. Primarily, the antigens used to excite an 
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immune response may lack pathogen-associated molecular patterns, common to a pathogen class. The 
absence of this structure may weaken the immune response, as the immune cell can read the structure 
and recognized it as a danger signal. Also, because the antigens cannot infect the cells, only the 
antibody-mediated immune system can be triggered, which means it needs to use the adjuvant to boost 
the immune response. Moreover, sometimes the booster doses may be required [31]. 

3.3 Viral vector  
3.3.1 Adenovirus vectored vaccine. Adenovirus vector vaccine is made by a recombinant 

adenovirus that expresses protective antigen genes by recombinantly inserting the protective antigen 
genes into the adenovirus genome [32]. To produce an adenoviruses vector, scientists need to knock 
off the E1, E2 regions of the viruses to attenuate the virulence of the virus. As the E1 region are mainly 
responsible for the reproduction of viruses [28]. The gene expression products of the E2 region can be 
divided into E2A, and E2B, where E2A is the DNA Binding Protein (DBP) and E2B has two main 
products, the terminal protein precursor (pTP) and the viral DNA polymerase (pol), respectively. The 
three proteins interact with at least three intracellular factors to initiate adenovirus DNA replication 
and the transcription and translation processes of late viral genes [27]. In this COVID-19 pandemic, 
an adenovirus vector vaccine is also used against the disease. The revised adenoviruses are designed 
to enter the cell in the human body and produce some harmless parts SARS-CoVs (usually use the 
Spike proteins as transgenes) with the production line of the cells [31]. The cells in the human infected 
by these vectors will display the spike protein of SARS-CoVs on their surfaces. Then these cells will 
alter the immune system and trigger it to produce antibodies against the SARS-CoV-2 [31]. So, why 
use adenovirus as a vector of the vaccine against COVID-19? Adenovirus has been used as a vaccine 
vector for a long time and has several successful examples. Currently, adenovirus-based vaccines are 
used against many pathogens such as Mycobacterium tuberculosis, human immunodeficiency virus 
(HIV), and Plasmodium falciparum [29]. The adenoviruses work excellent for delivering the desired 
antigens to the mammalian hosts, as they can induce both innate and adaptive immune [28]. Figure 3 
shows the interaction between adenovirus and the innate and adaptive immune environment. 

 
Figure 3. Pathway of infection [29] 

Until now, several vaccines against COVID-19 have already reached the public, such as 
Jahnson&Jahnson, AstraZeneca, CanSino Biological Inc./Beijing Institute of Biotechnology.  

3.3.1 Advantage and concern of adenovirus vectored vaccines. The main advantage of the 
adenoviruses vector vaccines is that they induced immune response to further trigger the adaptive 
immune response by expressing the immunogen in the environment of heterologous viral infection 
[25]. Another advantage of these types of vaccines is it has been practiced in an extended period its 
technique is quite mature. For instance, since the 1950s, the live Ad types 4 (Ad4) and 7 (Ad7) have 
been used to prevent severe respiratory illness in the US [29]. The concern of this type of vaccine is 
as the Ad family is frequently used as the carrier virus of the vaccine. In a significant portion of the 
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human population, people have pre-existing immunity against adenovirus, so the pre-existing 
immunity of Adenoviruses (i.e., Ad5) may be high. And it may influence T-cell immune response 
post-vaccination. For example, in phase II clinical trial done in Wuhan, the present rate of neutralizing 
antibodies to adenovirus type 5 was 52% [33]. Because of this, the immunization effect of the elderly 
participants in the trial was significantly poor, indicating that vector immunization is likely to affect 
the vaccination effect. The presence of neutralizing antibodies to adenovirus type 5 reached 75% in 
some areas of China, 40% in the United States, and up to 80-90% in sub-Saharan Africa and West 
Africa [34]. Thus, the effect of vector immunization on CanSino Biological Inc./Beijing Institute of 
Biotechnology may be significant. Furthermore, a reduction of NAbs response may occur with the 
increasing of ages [30]. So, to overcome pre-existing immunity, scientists need to use rare adenovirus 
or viruses from other species. For example, the vaccine of AstraZeneca uses the adenoviruses from 
chimpanzees [35]. 

3.4 Nucleic acid 
3.4.1 DNA Vaccine. The concept of DNA vaccines is first tested in the 1990s by injecting DNA 

molecules expressing chloramphenicol acetyltransferase, luciferase, and beta-galactosidase into 
mouse skeletal muscles. The results show the feasibility of DNA vaccines. Furthermore, up to two 
months after the injection, the expression of the reporter genes could still be detected [36–38]. Figure 
3 shows a mechanism of the DNA vaccine [39]. 

 
Figure 4. Mechanism of DNA vaccines [39] 

A DNA vaccine consists of a plasmid produced in bacteria. This plasmid encodes the protein of 
interest (an antigen) in the presence of a mammalian promoter [36, 40]. When it reaches the cell 
nucleus, the mammalian promoter present in the vector structure will be activated, then triggering the 
transcription of the gene of interest through the host's cellular machinery [37]. Once the encoded 
protein is expressed in the host's cells, the vaccine antigen can then be presented to antigen-presenting 
cells (APCs). The figure is a dendritic cell through the major histocompatibility complex (MHC) 
pathways and is presented to activate naïve T cells [37]. Process 2a shows that CD8+ T cell immunity 
is predominantly activated by endogenously expressed antigens presented on MHC class I molecules 
[40, 41]. After the activation steps, the cytokines will be released under the stimulation of active CD8+ 
T cells. The releasing of the cytokines will inhibit viral replication and increase the expression of MHC 
I molecules [39]. After that, the macrophages are activated to support cell-mediated immune responses 
[41]. Step 3 shows that CD4+ T helper cell activation is triggered through MHC class II from APC. 
So, once the vaccine proteins are secreted, these targets are recognized by B cell receptors in naïve B 
cells, which also use MHC-II to get activated [39, 40, 42, 43]. In step 5, different classes of antibodies 
will be produced by activated B cells to protect against the disease [37]. During this COVID-19 
pandemic, the DNA vaccine is also a candidate against the disease. However, the DNA vaccine still 
has not reached the market yet. So, what makes the DNA vaccine a candidate? The reason can be that 
the DNA vaccines can induce a broad immune response without any risk of being associated with 
getting the COVID-19. The DNA vaccine can stimulate both cellular and humoral immunity. Its vector 
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can be constructed to encoding different antigens in a single vaccine [40, 44]. Furthermore, DNA 
vaccines can be highly stable, requiring less refrigeration [43]. 

3.4.2 RNA Vaccine. The concept of RNA vaccines has been around for nearly thirty years [45]. 
The researchers in France first used RNA encoding an influenza antigen in mice [46]. The response 
occurred at that time; however, the lipid delivery system they used is too toxic to use in humans. Thus, 
it took a decade for the scientist to looking at RNA-interference therapeutics and discovered the LNP 
technologies that would make today's COVID-19 vaccines possible [45]. The mRNA-based vaccines 
comprise mRNA that encodes a protein antigen as RNA is relatively unstable, so novel vaccine designs 
were developed to improve its stability and protein translation efficiency to enhanced immune 
response (40). The first mRNA vaccine to be designed against COVID-19 is mRNA-1273, designed 
by Moderna Inc. Cambridge, MA, USA. From vaccine design to human trials, this vaccine only took 
63 days (40). In mRNA-1273, the RNA of a full-length, prefusion stabilized S protein of SARS-CoV-
2 was encapsulated in a lipid nanoparticle (LNP) [47–49]. Data showed that mRNA-1273 could induce 
both potent neutralizing antibody and CD8 T cell responses [50, 51]. Figure 4 shows two types of 
RNA vaccines' working mechanisms. The first one is the conventional RNA vaccine that RNA consists 
of the antigen coding sequence encapsulated in LNP. Once the RNA is delivered into the cell, the 
cellular machinery will start making proteins and forming the viral antigen. The vial antigen will be 
ingested by the APC and then trigger the immune responses. The other type of vaccine is called the 
self-amplifying RNA vaccine. This vaccine encodes a replicase gene with the antigen coding sequence 
into the RNA vector compared with the conventional one. Once the RNA is delivered into the cell, a 
replicase will be made by the cellular machinery. Furthermore, the replicates will produce more 
amplified copies of the antigen-coding sequence (40).  

 
Figure 5. Mechanisms of conventional vaccines and self-amplifying RNA vaccines [45] 

3.4.2.1 Advantage and concern of RNA vaccine. The RNA-based vaccine's great advantage is the 
short time required from the design to clinical trials. Therefore, once a new mutation occurs, the 
companies can design, test, and release their vaccines as soon as possible [37]. Effective mRNA 
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vaccines by Moderna and BioNTech have proven their ability against COVID-19. However, there are 
still have some problems related to the RNA vaccine that need to be improved. The first is that the 
distribution of vaccines currently requires a costly cold chain to maintain the integrity of the RNA; the 
vaccines need to be stored at −70 °C (both the Pfizer–BioNTech and Moderna) [45]. There is another 
challenge that the RNA vaccines have generally required a double dose to be effective. Big data shows 
that many people who get the first shot probably will not get the second [45]. 

4. Conclusion 
The outbreak of the COVID-19 causes a dramatic loss of lives, human resources, and economics. 

Recently, there had several kinds of vaccines available in the market, such as the mRNA vaccine (i.e., 
Pfizer, Moderna), adenovirus vector vaccine (i.e., Jahnson&Jahnson, AstraZeneca, CanSino 
Biological Inc./Beijing Institute of Biotechnology), and inactivated virus vaccines (i.e., CanSino 
Biological Inc./Beijing Institute of Biotechnology). However, there have some problems related to the 
existing vaccines. Many pharmaceuticals and intuitions are still on their way to producing and testing 
new vaccines. The most outstanding problem is the appearance of the variants. SARS-CoV-2 is an 
RNA virus, its mutation rate is high, and the mutation of the virus will weaken the effectiveness of the 
vaccines. According to the CDC, at least 5 new variants are already occurring now, and some of them 
may cause an even more serious pandemic. For example, in many countries, people are infected by the 
Delta variant of COVID-19 after vaccination. As the COVID-19 vaccines are just launched recently, 
maybe with the increasing maturity and diversity of COVID-19 vaccines, these problems will be 
solved in the future. Although the COVD-19 vaccines are available now, there are still some issues 
against the fight with SARS-CoV-2. Such as the willingness of public to get COVID-19 vaccines. The 
unwellness of vaccination is a global issue related to vaccine safety these years, not only in this case. 
For the public health department to solve this issue still has a long way to go. 
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