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Abstract 
Although many countries have controlled the pandemic of severe acute res-
piratory syndrome coronavirus 2 (SARS-CoV-2) through strict management, 
there are still many countries with record-breaking numbers of new cases. 
Therefore, it is very important to develop a vaccine that can cause wide cross 
reactivity in clinical trials. At present, more than 90 vaccines are entering 
clinical trials and progressing smoothly, including inactivated vaccines, ade-
novirus-vectored vaccines and other types of vaccines. Here, we review and 
summarize the efficacy and potential threats of a SARS-CoV-2 vaccine. We 
reviewed whole-virus vaccines, adenovirus-subunit vaccines and recombinant 
protein vaccines and discussed the positive and negative consequences of a 
SARS-CoV-2 vaccine. However, there are still heated debates on the mechan-
ism, effectiveness, and breadth of protection. In conclusion, this study can 
predict the risk of new coronavirus outbreaks in the future by discussing the 
research and development status of new coronavirus vaccines in China and 
other countries. Looking to the future, it is important to mine the large 
amount of data generated in clinical trials of universal new coronavirus vac-
cines to ensure that these vaccine programs are equally useful in the face of 
new coronavirus mutations. 
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1. Introduction 

Coronavirus disease 2019 (COVID-19) is a respiratory contagion that was first 
reported as a cluster outbreak in Wuhan and is now spreading worldwide [1] 
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[2]. Although some studies have described some antiviral drugs and preventive 
methods, the virus is still spreading at an alarming rate [3] [4]. Even in places 
imposing strict lockdowns, there is a possibility of COVID-19 reappearing. 
Therefore, vaccines for SARS-CoV-2 appear to be a better choice than drugs for 
controlling the pandemic. In this article, we summarize the development of 
SARS-CoV-2 vaccines. 

SARS-CoV-2 was reported to be the pathogen that causes COVID-19 [5] [6]. 
SARS-CoV-2, a member of coronaviruses that cause diseases such as severe 
acute respiratory syndrome (SARS) and Middle East respiratory syndrome 
(MERS), is a positive-sense, single-stranded RNA virus [7]. At present, about 
120 million people have infected and 4 million people have been killed by 
SARS-CoV-2 worldwide. 

2. Structure 

Coronaviruses are so named due to their distinctive “corona” or crown-like ap-
pearance, which is caused by how spike (S) glycoproteins assemble on the virion 
surface. The subfamily of Orthocoronavirinae in the coronavirus family can be 
divided into four genera: α, β, γ and δ, which usually infect mammals (α and β) 
and birds (γ and δ). Coronaviruses are common human pathogens. Similar to 
SARS coronavirus (SARS-CoV), SARS-CoV-2 is considered as originated in bats 
and transmitted to other animals that were sold in the Wuhan animal market 
[8]. SARS-CoV-2 encodes a variety of structural proteins, including the spike 
protein, envelope protein, membrane protein and core-shel protein. In addition, 
there are as many as 16 types of nonstructural proteins (NSPs). NSPs are pro-
duced by the PP1a and PP1ab polyproteins, which are viral proteases encoded by 
replicases [9]. 

3. The Replication Cycle 

The replication cycle of SARS-CoV-2 is similar as that of other coronaviruses. 
First, the virus attach to the surface protein receptor angiotensin-converting en-
zyme 2 (ACE2) of the host cell [10]. Then, the virus fuses or is endocytosed into 
the cell. After that, the virus release genome into the cytoplasm. Then, the posi-
tive-strand RNA is translated into the negative-strand RNA polymerase precur-
sor protein. Later, RNA-dependent RNA polymerase is produced through a 
protein hydrolysis process. In addition, negative-strand RNA is generated by 
RNA polymerase with a positive strand as the template, and it is also used to 
synthesize subgenomic mRNAs [11]. The translation of subgenomic mRNAs 
produces structural proteins of viruses, and finally, viral membrane proteins as-
semble in the endoplasmic reticulum (ER) and form vesicles with RNA [12]. 
However, some mechanisms, such as the function of NSPs in the replication 
cycle, need to be further studied. 

4. Vaccines 

At present, SARS-CoV-2 vaccines mainly include whole-virus vaccines, adeno-
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virus-subunit vaccines, nucleic acid vaccines and recombinant protein vaccines. 
Here, we mainly discuss vaccines that have entered clinical trials in China. 

4.1. Whole-Virus Vaccines 

Whole-virus vaccines are not only the most traditional vaccine preparation me-
thod but also the most mature vaccine preparation method at present. In short, 
by injecting artificially inactivated pathogenic microorganisms into the body, the 
human body generates antibodies against antigens through recognition. Once it 
is invaded by viruses, it stimulates the immune system to produce immune sub-
stances (such as antibodies) to resist the invasion of viruses. At present, at least 
five types of SARS-CoV-2-inactivated vaccines have been approved for phase III 
clinical trials in China [13] [14] [15] [16] [17]. The companies that developed 
these vaccines are Sinopharm (Wuhan) inactivated (Vero Cells), Sinovac PiCo-
Vacc (CoronaVac), BBIBP-CorV (Vero Cells), KCONVAC (Vero Cells), CanSi-
no.  

4.1.1. Sinopharm (Wuhan) Inactivated Vaccine (Vero Cells) 
Sinopharm (Wuhan) inactivated vaccine (Vero Cells) was developed by the 
Wuhan Institute of Biological Products affiliated with Sinopharm. As the world's 
first inactivated SARS-CoV-2 vaccine, it has received extensive attention [18]. 

At the beginning of February 2020, the Institute of Biology of Medical College 
began to isolate and screen viruses. In March 2020, the pathogenic mechanism 
and immunology of SARS-CoV-2 infection were studied, and the key produc-
tion process system and quality control standard system of vaccines were estab-
lished [19]. It was approved for clinical trials on April 12, 2020 [18]. On May 13, 
2020, the Institute of Biology of Medical College received an approval document 
issued by the State Drug Administration to begin clinical experiments for a 
phase I and phase II clinical trial. On May 15, the phase I clinical trial was offi-
cially launched. Nearly 200 healthy adults were enrolled. After 5 months, the 
phase I clinical trial was successfully completed. After that, phase II clinical trial 
was officially launched on June 20, 2020 to further evaluate the immunogenicity 
and safety of the vaccine and determine the immunization plan and dose [18]. 

As the first clinical safety and efficacy data after collecting two doses of the 
vaccine, the phase III clinical trial of the candidate vaccine has been taken on 
June 23, 2020. It may provide scientific and valuable data for epidemic preven-
tion and emergency use. On May 26, 2021, the researchers published the phase 
III clinical data of the vaccine. Of these, 13,459 adults received the vaccine in the 
United Arab Emirates and Bahrain. Before enrollment, the PCR test results of 
participants were negative. However, the inactivated vaccine can produce a high 
titer antibody 14 days after two injections to form effective protection. The re-
sults showed that the geometric mean titer of participants at baseline was 2.3 
(similar to the control group). After 14 days of two doses of vaccination, the 
geometric mean titer of the experimental group was 94.5 (95% confidence inter-
val (CI), 89.7 - 99.5), and the positive conversion rate of neutralizing antibody in 
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the whole population was more than 99%. During the follow-up, 26 participants 
in the experimental group got the positive result in the SARS-CoV-2 test. The 
vaccine efficacy was 72.8% compared with that of aluminum adjuvant alone. 
Within 7 days after injection, the most common adverse reactions reported were 
local pain and headache [19]. 

At present, the global COVID-19 epidemic situation is still severe, and effec-
tive SARS-CoV-2 vaccines are needed to control respiratory contagion and limit 
the spread and recurrence of the disease [20]. The production process of inacti-
vated vaccines is simple, well-established, and stable, and inactivated vaccines 
are easy to transport and use in cases of outbreaks or emergencies. At present, 
many kinds of SARS-CoV-2-inactivated vaccines have entered the clinical re-
search stage in China, and the overall research and development (R & D) 
progress has been smooth [13] [14] [15] [16] [17]. However, safety and efficacy 
are still the focus of vaccine research. The potential safety problems of the 
COVID-19 inactivated vaccine should be given more attention because of the 
antibody-dependent enhancement observed in research on SARS-CoV and 
MERS-CoV vaccines [21] [22]. In addition, the efficacy and duration of primary 
immunization with the vaccine still need to be further examined.  

4.1.2. PiCoVacc (CoronaVac) 
PiCoVacc is a candidate vaccine developed by Sinovac Biotech and is based on 
the CN2 strain, which was selected from 11 strains of SARS-CoV-2. The vaccine 
was made by propagating the virus strain in Vero cells and inactivating it with 
β-propiolactone after harvesting cells. By using macaques to imitate SARS-CoV-2 
infection, the data showed that 6 μg PiCoVacc completely defended against 
SARS-CoV-2 infection [10]. 

Moreover, positive preliminary results were announced on June 13, 2020, for 
phase I and phase II clinical trials of the vaccine candidate. The results showed 
good immunogenicity and safety profiles (http://www.sinovac.com) [10]. A total 
of 743 health volunteers participated in the phase I or phase II trial. It was re-
ported that 143 volunteers were enerolled in phase I clinical trial and 600 volun-
teers were enerolled in phase II clinical trial. There were no serious adverse 
events were reported in either phase I clinical trial or phase II clinical trial. The 
results of a phase II clinical trial showed that neutralizing antibodies could be 
strongly induced 14 days after vaccination. The seroconversion rates of neutra-
lizing antibodies were more than 90% (in the 0- and 14th-day groups) and 97.4% 
(in the 0- and 28th-day groups), indicating that the candidate vaccine can induce 
a good immune response. 

Phase III clinical trials were conducted in Turkey. Adult volunteers (aged 18 - 
59 years) were recruited. Participants received intramuscular vaccine or placebo 
(control group) on days 0 and 14. The results showed that the vaccine group re-
ported more frequent events than the control group, including fatigue, myalgia, 
chills, and nausea. During the 43-day follow-up, the vaccine group 9 volunteers 
infected COVID-19. Meanwhile, 32 cases were reported in the control group. 
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After the second vaccination, the vaccine efficacy against SARS-CoV-2 was 
83.5% (95% CI, 65.4 - 92.1). A total of 89.7% of vaccine recipients were seroposi-
tive for receptor-binding domain (RBD) antibodies [23]. 

The report showed that the overall efficacy of the vaccine on symptomatic 
COVID-19 was 50.7% (95% CI, 36.0 - 62.0) after the second administration; 
however, the efficacy in moderate and severe cases was 100%. The results 
showed that the vaccine had good efficacy in severe cases (i.e., hospitalization) 
and had good safety in people aged 18 - 59 years [23]. 

4.1.3. BBIBP-CorV 
BBIBP-CorV is a candidate vaccine developed by the Beijing Institute of Biolog-
ical Products that was examined in clinical trials. The vaccine induced high le-
vels of neutralizing antibody titers in many kinds of model animals to provide 
protection against SARS-CoV-2 [24]. Two doses of BBIBP-CorV at 2 μg/dose 
effectively protected rhesus macaques from intratracheal infection with 
SARS-CoV-2, and there was no detectable enhancement of antibody-dependent 
infection [24] [25] [26]. 

Phase I clinical trials are mainly to determine the optimal vaccination dose. 
Among them, 600 adults participated in the experiment, including 192 in the 
experimental group. They were divided into 18 - 59-year-old and 60 - 80-year-old 
groups. Before enrollment, the PCR test results of participants were negative. To 
evaluate the safety doses of the vaccine, different doses of vaccine (2 μg, 4 μg, 
and 8 μg) or placebo (control group) were inoculated on days 0 and 28 of the tri-
al, respectively [24]. 

The study showed that on the 28th day after vaccination, antibody reactions 
appeared in all vaccinated subjects in the 18- to 59-year-old group. The immune 
response and the antibody level of vaccinators aged 60 and over was slightly 
lower, but they also had an antibody response on the 42nd day. There was no 
corresponding antibody reaction in the control group. In the phase I trial, within 
7 days after vaccination, the most common side effects were local pain and fever. 
In the phase I clinical trial, the geometric mean titer (GMT) of neutralizing an-
tibodies in the low dose group (316) were higher than medium dose group(206) 
and high dose group (297) on the 14th day after three injections. Seroconversion 
was observed in all participants receiving the vaccine (100%) in the low dose 
group and high dose group. In the medium dose group, 23 of the 24 participants 
(95.8%) had seroconversion but not in the control group [25]. 

A phase II clinical trial aimed to determine the best vaccination time. A total 
of 448 subjects aged 18 - 59 participated in the experiment. Before the time of 
enrollment, the PCR test results of participants were negative. The vaccination 
plan of this study was as follows: participants were randomly divided into 2 
groups (two weeks group and three weeks group) using 5 μg dose vaccines. 

It is reported that the vaccine safety was well guaranteed and well tolerated at 
all test doses. The results of the phase II clinical trial were similar to those of the 
phase I clinical trial. Twenty-three percent of vaccinators reported adverse reac-
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tion within 7 days after vaccination, and all other adverse reactions were mild or 
moderate. In the phase II clinical trial, with a medium dose, the GMT of the in-
jection group (days 0 and 14) was 121 (95% CI, 95 - 154), and the GMT of the 
injection group (days 0 and 21) was 247 (95% CI, 176 - 345). Serum transforma-
tion was observed in participants injected on days 0 and 21. In the group in-
jected on days 0 and 14, the serum transformation rate was 85.7% (36/42), while 
there was no serum transformation in the control group [25]. 

Recently, researchers published phase III clinical trial data on the vaccine. A 
total of 13465 adults received vaccines in the United Arab Emirates and Bahrain. 
The PCR test result was negative when the participants were enrolled in the 
group. The results showed that the vaccine could produce a high titer antibody. 
Moreover, the geometric average titer of the participants at baseline was 2.3 
(similar to the control group). The geometric average titer of the experimental 
group was 156.0 (95% CI, 149.6 - 162.7) 14 days after the completion of two 
doses of vaccination. The positive seroconversion rate of neutralizing antibodies 
in the whole population was more than 99%. During the follow-up, symptomatic 
COVID-19 was found in 21 participants in the experimental group. The efficacy 
of the vaccine was 78.1% compared with that of aluminum adjuvant alone. 
Within 7 days after injection, the most common adverse reaction was local pain 
and headache [13]. 

The advantage of the BBIBP-CorV vaccine is that it can induce a better anti-
body response in elderly individuals aged 60 and above. Protecting the elderly is 
one of the important goals of the BBIBP-CorV vaccine. Due to the decline of 
immune system function in the elderly, the effect of the vaccine is usually af-
fected. Once the elderly are infected with COVID-19, they face a greater risk of 
severe disease. 

4.1.4. KCONVAC 
KCONVAC is a candidate vaccine developed by Shenzhen Kangtai Biological Prod-
ucts and Beijing Minhai Biotechnology [26]. The virus (19ncov-cdc-tan-strain03) 
was cultured in Vero cells, inactivated by β-propionolactone, purified, and ad-
sorbed on aluminum hydroxide. It was reported that there were no serious ad-
verse reactions above grade 3 in phase I and phase II clinical trials, which 
showed no significant difference in the overall adverse reaction rate compared 
with the placebo group [26]. 

In phase I clinical trials, both the 5 μg vaccine (low dose group) and 10 μg 
vaccine (low dose group) induced a strong immune response in healthy adults. It 
has been reported that before vaccination, participants were negative for all 
types of specific antibodies. However, after vaccination, 88% - 100% of the par-
ticipants in the clinical phase I experiment underwent seroconversion for dif-
ferent types of antibodies. In addition, phase II clinical trials showed similar re-
sults. On the 14th or 28th day after vaccine injection, 83% - 100% of participants 
had undergone seroconversion for different types of antibodies. There was a sig-
nificant difference between the placebo group and the experimental group [26]. 
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4.2. Adenovirus Subunit Vaccines 

Adenovirus subunit vaccine refers to a vaccine made of recombinant adenovirus 
that can express antigen genes by recombining antigen genes into the adenovirus 
genome with adenovirus as a vector. The S protein on the surface of coronavi-
ruses has a trimer conformation, which is responsible for binding host cell re-
ceptors and mediating viral invasion. Therefore, the S protein is the main pro-
tective immunogen of coronaviruses that can be used in adenovirus subunit vac-
cines. There is an RBD on the S protein that is directly responsible for docking 
with the host receptor. It stimulates the production of neutralizing antibodies 
and blocks the binding of viruses to receptors. At present, at least two types of 
SARS-CoV-2-inactivated vaccines have been approved for phase III clinical trials 
in China [27]-[34]. The companies that developed these vaccines are Ad5-nCoV, 
Anhui Zhifei Longcom: Ad5-nCoVZF2001. 

4.2.1. Ad5-nCoV 
The Chen Wei team published the data of a phase I clinical trial of an adenovirus 
type-5 (Ad5)-vectored spike protein of SARS-CoV-2 vaccine (Ad5-nCoV) online 
on May 22, 2020. Its safety, tolerability and immunogenicity were tested. 
Healthy subjects aged 18 - 60 were enrolled in the phase I clinical trial and as-
signed to the low-dose group (5 × 1010 virus particles (VPs), medium-dose group 
(1 × 1011 VPs) and high-dose group (1.5 × 1011 VPs). The results showed that the 
Ad5-nCoV vaccine safety was guaranteed and it was tolerable in healthy subjects 
in the three dose groups. The most common adverse reactions included fever 
and fatigue. In addition, RBD-specific binding antibody responses were observed 
on day 14 in all three dose groups. On day 28, the high-dose group had a higher 
GMT (1445.8), compared with the medium-dose group and low-dose group 
(806.0 and 615.8), respectively. Moreover, a 4-fold increase in anti-RBD antibo-
dies was observed in 100%, 94% and 97% of subjects in the high-, medium- and 
low-dose groups, respectively. The neutralizing antibody was negative before 
inoculation but increased steadily on the 14th day after inoculation and finally 
reached a peak on the 28th day. The neutralizing antibody GMT 34.0 in the 
high-dose group was much higher than 16.2 and 14.5 in the medium- and 
low-dose groups, respectively. At the same time, at least a 4-fold increase in 
neutralizing antibody titer was observed in 75%, 50% and 50% of subjects in the 
high-, medium- and low-dose groups on day 28. On the 14th and 28th days after 
inoculation, INFγ was detected in CD4+ and CD8+ T cells in all subjects. TNFα 
was expressed in CD4+ T cells of the low-dose group on the 14th day after in-
oculation. It was significantly lower than that of high dose group and medium 
dose group, and CD8 + T cells in high-dose group had higher TNFα than that in 
medium dose group and low dose group [35]. 

A phase II clinical trial was used to guarantee the immunogenicity and safety 
of vaccines and aims to determine the dose of vaccines for efficacy studies. A to-
tal of 508 participants, healthy adults aged 18 years or older, had no previous 
SARS-CoV-2 infection and were randomly assigned to receive a high dose (1 × 
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1011 VPs) and low dose (5 × 1010 VPs) or placebo. The primary endpoints of 
immunogenicity were GMT and neutralizing antibody response to RBD-specific 
ELISA antibody on day 28 [36]. 

The results showed that 24 (9%) participants in the high-dose group and 1 
(1%) participant in the low-dose group reported serious adverse reactions. It 
suggests that high doses of vaccine are associated with an increased risk of se-
rious adverse reactions. In the high-dose and low-dose groups, the highest peak 
of RBD-specific antibodies were 656.5 (95% CI 575.2 - 749.2) and 571.0 (467.6 - 
697.3) on day 28, respectively, and the serum conversion rates were nearly the 
same (96%). Both doses of vaccine could induce a significant neutralizing anti-
body response to SARS-CoV-2. Among the subjects treated with one dose of 
vaccine, the GMTs of the high-dose group and low-dose group were 19.5 (16.8 - 
22.7) and 18.3 (14.4 - 23.3), respectively. In the high-dose group, 90% of partici-
pants observed specific IFNγ enzyme-linked immunospot assay responses. In 
the low-dose group, 88% of participants observed specific IFNγ enzyme-linked 
immunospot assay responses. 

Recently, the Chengwei research group designed a vaccine in aerosol inhala-
tion dosage form and evaluated the safety and immunity of the vaccine through 
a clinical phase 1 experiment. In this study, 130 participants, healthy adults aged 
18 or over, who had no previous SARS-CoV-2 infection, were randomly as-
signed to receive five experimental groups or placebo. The experimental group 
was designed as follows: HD group (two doses of aerosolized Ad5 ncov with 2 × 
1010 VPs); LD group (two doses of aerosolized Ad5-nCoV with 1 × 1010 VPs); 
MIX group (an intramuscular vaccination and aerosolized booster vaccination); 
1D group (one dose of aerosolized Ad5-nCoV with 5 × 1010 VPs); 2D group (two 
doses of aerosolized Ad5-nCoV with 5 × 1010 VPs). The results showed that the 
most common adverse events included fever, fatigue and headache. No serious 
adverse events were found. Twenty-eight days after the last vaccination, the 
GMT of SARS-CoV-2 neutralizing antibody was 107 (95% CI, 47 - 245) in the 
HD group, 105 (47 - 232) in the LD group, 396 (207 - 758) in the MIX group, 95 
(61 - 147) in the 1D group and 180 (113 - 288) in the 2D group. The GMT of 
RBD binding IgG were 261 EU/ml (95% CI, 121 - 563) in HD group, 289 EU/ml 
(138 - 606) in LD group, 2013 EU/ml (1180 - 3435) in MIX group, 915 EU/ml 
(588 - 1423) in 1D group and 1190 EU/ml (776 - 1824) in 2D group. In addition, 
the MIX group induced strong IgG and neutralizing antibody responses com-
pared with the other groups [37]. 

This study is the first published clinical study on mucosal immunity of a new 
crown vaccine in the world. Its advantage is that compared with the commonly 
used intramuscular injection dosage form, the atomized inhalation dosage form 
does not need injection, can eliminate local adverse reactions, and has better 
safety and convenience. In addition, aerosol inhalation can stimulate the mucos-
al immune response and provide additional protection in respiratory mucosal 
tissue. B cells and T cells distributed in the respiratory mucosa encounter pa-
thogens earlier than systemic memory cells, which can inhibit virus replication 
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and reduce virus transmission faster. It also provides valuable experience for the 
follow-up of noninjectable new crown vaccines and other vaccines under devel-
opment with adenovirus vectors. 

4.2.2. Recombinant Protein Vaccines 
Recombinant protein vaccines involve the expression and purification of patho-
gen antigen protein in engineered cells by genetic engineering and then the 
preparation of the vaccine [38] [39] [40]. The S protein on the surface of coro-
naviruses has a trimer conformation, which is responsible for binding receptors 
of the host cell and mediating viral invasion. Therefore, the S protein is the main 
protective immunogen of coronaviruses. There is an RBD on the S protein that 
is directly responsible for docking with the host receptor. It stimulates the pro-
duction of neutralizing antibodies and blocks the binding of viruses to receptors. 
In this study, to overcome the limitations of the small molecular weight and li-
mited immunogenicity of the RBD, a research team constructed a series of re-
peated RBD single-chain dimers (RBD SC dimers). The expressed form of the 
tandem repeat SC dimer is uniform and does not contain foreign sequences, so 
vaccine efficacy can be maintained or even improved. Phase 1 and phase II trials 
were conducted to evaluate the zf2001 vaccine safety and immunogenicity. The 
dose and efficacy studies were also needed. 

In a phase I clinical trial, 50 participants (18 - 59 years old) received a vaccine 
in China. Participants were divided into 3 groups: 3 dose of high-dose group (50 
μg vaccine), 3 dose of low dose group (20 μg vaccine) and 3 dose of placebo. The 
results showed that in most cases, the adverse events reported were mild or 
moderate (grade 1 or 2). Ten percent of grade 3 or more adverse events were re-
ported in only the high-dose vaccine. To evaluate the T cell response, IFNγ, IL-2, 
IL-4 and IL-5 were analyzed to determine Th1 and Th2 cell responses. The re-
sults showed that both 25 μg and 50 μg vaccines could induce Th1 (IFNγ and 
IL-2) and Th2 (IL-4 and IL-5) cytokine production. 

In the phase II clinical trial, 900 participants (18 - 59 years old) received a vac-
cine in China. Participants were divided into 6 groups: 3 dose groups (high-dose 
group, low dose group and placebo group) and 2 dose groups (high-dose group, 
low dose group and placebo group). Similar to phase I clinical trials, in most 
cases of phase II clinical trials, adverse events reported were mild or moderate 
(grade 1 or 2). Eighteen participants reported grade 3 or more serious adverse 
events. To neutralize the antibody titer against SARS-CoV-2, the serum conver-
sion rate and GMT were analyzed. For participants in the two-dose plan, the se-
roconversion rates of the low-dose group and high-dose group were 76% and 
72%, 14 days after the second vaccine. For participants in the three-dose plan, 14 
days after the second administration, the seroconversion rates of the low-dose 
group and high-dose group were 83% and 73%, respectively. Fourteen days after 
the third administration, the seroconversion rates of the low-dose group and 
high-dose group were 97% and 93%, respectively. 

For participants in the 2-dose plan (14 days after the second vaccine), the 
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neutralization GMTs of participants in the low-dose group and high-dose group 
were 17.7 (95% CI, 13.6 - 23.1) and 14.1 (10.8 - 18.3), respectively. For partici-
pants in the 3-dose plan (14 days after the second vaccine), the neutralization 
GMTs of participants in the low-dose group and high-dose group were 19.5 
(95% CI, 15.2 - 25.0) and 12.6 (10.0 - 16.0), respectively. For participants in the 
3-dose plan (14 days after the third vaccine), the neutralization GMTs of partic-
ipants in the low-dose group and high-dose group were 102.5 (81.8 - 128.5) and 
69.1 (53.0 - 90.0), respectively [41]. 

5. Conclusion 

There are at least six candidate vaccines, including whole-virus vaccines, adeno-
virus subunit vaccines and recombinant protein subunit vaccines, that have been 
used as preventive vaccines against COVID-19. However, in recent years, a va-
riety of coronaviruses have caused major outbreaks, including SARS, MERS and 
COVID-19. Therefore, the development and storage of coronavirus vaccines and 
the identification of international financing mechanisms to support their devel-
opment, manufacture and storage are top priorities for global security. At 
present, the Gao Fu research group has developed a general vaccine strategy for 
β-coronavirus infectious diseases, including MERS, COVID-19, and SARS. Vac-
cines against β-coronaviruses may play an important role in preventing the 
spread of other newly discovered coronaviruses in the next few years. Moreover, 
the popularity of COVID-19 indicates that there is an urgent need to develop 
optimized vaccines for pregnant women and their newborns, as these two popu-
lations are at risk of developing serious diseases. Some other countries have dis-
tributed the vaccine to high-risk groups, including pregnant women and lactat-
ing people, which may provide an opportunity for us to further understand the 
vaccine-induced immunity of these groups. 

Funding 

This work was supported by the Bethune Research Plan of Jilin University (grant 
number: 2020-31), the Training plan for Lixin excellent young teachers of Jilin 
University (grant number: 2021) and the Foundation of Jilin Provincial Depart-
ment of Education (grant number: JJKH20201026KJ).  

Conflicts of Interest 

The authors declare no conflicts of interest regarding the publication of this pa-
per. 

References 
[1] Ahmed, S.F., Quadeer, A.A. and McKay, M.R. (2020) Preliminary Identification of 

Potential Vaccine Targets for the COVID-19 Coronavirus (SARS-CoV-2) Based on 
SARS-CoV Immunological Studies. Viruses, 12, 254.  
https://doi.org/10.3390/v12030254 

[2] Al, K.N., Zhang, Y. and Xia, S. (2021) Effect of 2 Inactivated SARS-CoV-2 Vaccines 

https://doi.org/10.4236/jbm.2021.911008
https://doi.org/10.3390/v12030254


J. Zhang et al. 
 

 

DOI: 10.4236/jbm.2021.911008 86 Journal of Biosciences and Medicines 
 

on Symptomatic COVID-19 Infection in Adults: A Randomized Clinical Trial. 
JAMA, 326, 35-45. https://doi.org/10.1001/jama.2021.8565 

[3] Alexandersen, S., Chamings, A. and Bhatta, T.R. (2020) SARS-CoV-2 Genomic and 
Subgenomic RNAs in Diagnostic Samples Are Not an Indicator of Active Replica-
tion. medRxiv. https://doi.org/10.1101/2020.06.01.20119750 

[4] Allam, M., Cai, S., Ganesh, S., Venkatesan, M, Doodhwala, S. and Song, Z. (2020) 
COVID-19 Diagnostics, Tools, and Prevention. Diagnostics. Basel, 10, 409.  
https://doi.org/10.3390/diagnostics10060409 

[5] Anderson, E.J., Campbell, J.D. and Buddy, C. (2020) Warp Speed for COVID-19 
Vaccines: Why Are Children Stuck in Neutral? Clinical Infectious Diseases.  
https://doi.org/10.1093/cid/ciaa1425 

[6] Aparicio, B., et al. (2021) Preclinical Evaluation of a Synthetic Peptide Vaccine 
against SARS-CoV-2 Inducing Multiepitopic and Cross-Reactive Humoral Neutraliz-
ing and Cellular CD4 and CD8 Responses. Emerg Microbes Infec, 1-36.  
https://doi.org/10.1080/22221751.2021.1978823 

[7] Awadasseid, A., Wu, Y. and Tanakal, Y. (2021) Current Advances in the Develop-
ment of SARS-CoV-2 Vaccines. Int J Biol Sci, 17, 8-19.  
https://doi.org/10.7150/ijbs.52569 

[8] Bennet, B.M., Wolf, J., Laureano, R. and Sellers, R.S. (2019) Review of Current Vac-
cine Development Strategies to Prevent Coronavirus Disease 2019 (COVID-19) 
Toxicol Pathol. https://doi.org/10.1177/0192623320959090 

[9] Benetti, E., Tita, R., Spiga, O., Ciolfi, A., Birolo, G. and Bruselles, A. (2020) ACE2 
Variants Underlie Interindividual Variability and Susceptibility to COVID-19 in 
Italian Population. Eur J Hum Genet.  

[10] Chaudhry, S.N., Hazafa, A., Mumtaz, M., Kalsoom, U. and Abbas, S. (2020) New 
Insight on Possible Vaccine Development against SARS-CoV-2. Life Sci., 11, 
118421. https://doi.org/10.1016/j.lfs.2020.118421 

[11] Chen, W. (2020) Promise and Challenges in the Development of COVID-19 Vac-
cines. Human Vaccines and Immunotherapeutics, 1-5.  
https://doi.org/10.1080/21645515.2020.1787067 

[12] Dai, L., Zheng, T. and Xu, K. (2020) A Universal Design of Betacoronavirus Vac-
cines against COVID-19, MERS, and SARS .Cell, 182, 722-733.e11.  
https://doi.org/10.1080/21645515.2020.1787067 

[13] Formicai, N., Mallory, R. and Albert, G. (2021) Different Dose Regimens of a 
SARS-CoV-2 Recombinant Spike Protein Vaccine (NVX-CoV2373) in Younger and 
Older Adults: A Phase 2 Randomized Placebo-Controlled Trial. PLoS Med, 18, 
e1003769. https://doi.org/10.1371/journal.pmed.1003769 

[14] Funk, C.D., Laferrière, C. and Ardakani, A. (2020) A Snapshot of the Global Race 
for Vaccines Targeting SARS-CoV-2 and the COVID-19 Pandemic. Front Pharma-
col, 11, 937. https://doi.org/10.3389/fphar.2020.00937 

[15] Gao, Q., Bao, L., Mao, H., Wang, L., Xu, K. and Yang, M. (2020) Development of an 
Inactivated Vaccine Candidate for SARS-CoV-2. Science, 369, 77-81.  
https://doi.org/10.1126/science.abc1932 

[16] Giudice, R.L. (2020) The Severe Acute Respiratory Syndrome Coronavirus-2 (SARS 
CoV-2) in Dentistry. Management of Biological Risk in Dental Practice. Int J Envi-
ron Res Public Health, 17, 3067. https://doi.org/10.3390/ijerph17093067 

[17] Jangra, S., Landers, J.J. and Rathnasinghe, R. (2021) A Combination Adjuvant for the 
Induction of Potent Antiviral Immune Responses for a Recombinant SARS-CoV-2 Pro-

https://doi.org/10.4236/jbm.2021.911008
https://doi.org/10.1001/jama.2021.8565
https://doi.org/10.1101/2020.06.01.20119750
https://doi.org/10.3390/diagnostics10060409
https://doi.org/10.1093/cid/ciaa1425
https://doi.org/10.1080/22221751.2021.1978823
https://doi.org/10.7150/ijbs.52569
https://doi.org/10.1177/0192623320959090
https://doi.org/10.1016/j.lfs.2020.118421
https://doi.org/10.1080/21645515.2020.1787067
https://doi.org/10.1080/21645515.2020.1787067
https://doi.org/10.1371/journal.pmed.1003769
https://doi.org/10.3389/fphar.2020.00937
https://doi.org/10.1126/science.abc1932
https://doi.org/10.3390/ijerph17093067


J. Zhang et al. 
 

 

DOI: 10.4236/jbm.2021.911008 87 Journal of Biosciences and Medicines 
 

tein Vaccine. Front Immunol, 12, 729189. https://doi.org/10.3389/fimmu.2021.729189 

[18] Jiang, S., Hillyer, C. and Du, L. (2020) Neutralizing Antibodies against SARS-CoV-2 
and Other Human Coronaviruses. Trends Immunol, 41, 355-359.  
https://doi.org/10.1016/j.it.2020.03.007 

[19] Kirby, T. (2020) Development of Potential COVID-19 Vaccines Continues to Acce-
lerate. The Lancet Microbe, 1, e109. https://doi.org/10.1016/S2666-5247(20)30070-7 

[20] Lan, T.C.T., Allan, M.F., Malsick, L.E., Khandwala, S., Nyeo, S.S.Y. and Bathe, M. 
(2020) Structure of the Full SARS-CoV-2 RNA Genome in Infected Cells.  
https://doi.org/10.1101/2020.06.29.178343 

[21] Maemura, T., Kuroda, M. and Armbrus, T. (2021) Antibody Dependent Enhance-
ment of SARS-CoV-2 Infection Is Mediated by the IgG Receptors FcγRIIA and 
FcγRIIIA but Does Not Contribute to Aberrant Cytokine Production by Macro-
phages. mBio, e0198721. https://doi.org/10.1128/mBio.01987-21 

[22] Pan, H.X., Liu, J.K. & Huang, B.Y. (2021) Immunogenicity and Safety of a Severe 
Acute Respiratory Syndrome Coronavirus 2 Inactivated Vaccine in Healthy Adults: 
Randomized, Double-Blind, and Placebo-Controlled Phase 1 and Phase 2 Clinical 
Trials. Chin Med J (Engl), 134, 1289-1298.  
https://doi.org/10.1097/CM9.0000000000001573 

[23] Patel, S., Kalma, J. and Bluman, E.M. (2020) Understanding COVID-19 Vaccines 
and Their Development. The Journal of Bone and Joint Surgery.  
https://doi.org/10.2106/JBJS.20.01191 

[24] Pu, T., Ding, C., Li, Y., Liu, X., Li, H. and Duan, J. (2020) Evaluate Severe Acute 
Respiratory Syndrome Coronavirus 2 Infectivity by Pseudoviral Particles. J Med 
Virol. https://doi.org/10.1002/jmv.25865 

[25] Ramona, B., Lawal, O. and Filipina, A.L. (2020) COVID-19 Vaccines: Getting An-
ti-Vaxxers Involved in the Discussion. World Development, 136.  
https://doi.org/10.1002/jmv.25865 

[26] Rodrigues, M.X., Yang, Y., Souza, E.B., et al. (2020) Development and Evaluation of 
a New Recombinant Protein Vaccine (YidR) against Klebsiella Pneumoniae Infec-
tion. Vaccine, 38, 4640-4648. https://doi.org/10.1016/j.vaccine.2020.03.057 

[27] Sánchez-Zuno, G.A., Matuz-Flores, M.G. and González-Estevez, G. (2021) Review: 
Antibody-Dependent Enhancement in COVID-19: The Not So Friendly Side of An-
tibodies. Int J Immunopathol Pharmacol, 35.  
https://doi.org/10.1177/20587384211050199 

[28] Sharpe, H.R., Gilbride, C., Alle, E, Belij-Rammerstorfer, S., Bissett C. and Ewer, K. 
(2020) The Early Landscape of COVID-19 Vaccine Development in the UK and 
Rest of the World. Immunology. https://doi.org/10.1111/imm.13222 

[29] Tanriover, M.D., Doğanay, H.L. and Akova, M. (2021) Efficacy and Safety of an In-
activated Whole-Virion SARS-CoV-2 Vaccine (CoronaVac): Interim Results of a 
Double-Blind, Randomised, Placebo-Controlled, Phase 3 Trial in Turkey. Lancet, 
398, 213-222. https://doi.org/10.1016/S0140-6736(21)01429-X 

[30] Tregoning, J.S., Brown, E.S., Cheeseman, H.M., Flight, K.E. and Higham, S.L. (2020) 
Vaccines for COVID-19. Clin Exp Immunol. https://doi.org/10.1111/cei.13517 

[31] Wang, H., Yang, P., Liu, K., Guo, F., Zhang, Y. and Zhang, G. (2008) SARS Corona-
virus Entry into Host Cells through a Novel Clathrin- and Caveolae-Independent 
endOcytic Pathway. Cell Res., 18, 290-301. https://doi.org/10.1038/cr.2008.15 

[32] Wang, H., Zhang, Y., Huang, B., Deng, W., Quan, Y. and Wang, W. (2020) Devel-
opment of an Inactivated Vaccine Candidate, BBIBP-CorV, with Potent Protection 

https://doi.org/10.4236/jbm.2021.911008
https://doi.org/10.3389/fimmu.2021.729189
https://doi.org/10.1016/j.it.2020.03.007
https://doi.org/10.1016/S2666-5247(20)30070-7
https://doi.org/10.1101/2020.06.29.178343
https://doi.org/10.1128/mBio.01987-21
https://doi.org/10.1097/CM9.0000000000001573
https://doi.org/10.2106/JBJS.20.01191
https://doi.org/10.1002/jmv.25865
https://doi.org/10.1002/jmv.25865
https://doi.org/10.1016/j.vaccine.2020.03.057
https://doi.org/10.1177/20587384211050199
https://doi.org/10.1111/imm.13222
https://doi.org/10.1016/S0140-6736(21)01429-X
https://doi.org/10.1111/cei.13517
https://doi.org/10.1038/cr.2008.15


J. Zhang et al. 
 

 

DOI: 10.4236/jbm.2021.911008 88 Journal of Biosciences and Medicines 
 

against SARS-CoV-2. Cell, 182, 713-721.e9.  
https://doi.org/10.1016/j.cell.2020.06.008 

[33] Wu, D., Koganti, R., Lambe, U.P., Yadavalli, T., Nandi, S.S. and Shukla, D. (2020) 
Vaccines and Therapies in Development for SARS-CoV-2 Infections. J Clin Med, 9, 
1885. https://doi.org/10.3390/jcm9061885 

[34] Wu, J., Liang, B., Chen, C., Wang, H., Fang, Y. and Shen, S. (2020) SARS-CoV-2 
Infection Induces Sustained Humoral Immune Responses in Convalescent Patients 
Following Symptomatic COVID-19. medRxiv.  
https://doi.org/10.1101/2020.07.21.20159178 

[35] Wu, S., Huang, J. and Zhang, Z. (2021) Safety, Tolerability, and Immunogenicity of 
an Aerosolised Adenovirus Type-5 Vector-Based COVID-19 Vaccine (Ad5-nCoV) 
in Adults: Preliminary Report of an Open-Label and Randomised Phase 1 Clinical 
Trial .Lancet Infect Dis. https://doi.org/10.1016/S1473-3099(21)00396-0 

[36] Xia, S., Duan, K., Zhang, Y. and Zhao, D. (2020) Effect of an Inactivated Vaccine 
Against SARS-CoV-2 on Safety and Immunogenicity Outcomes: Interim Analysis 
of 2 Randomized Clinical Trials. JAMA, 324, 951-960.  
https://doi.org/10.1001/jama.2020.15543 

[37] Xia, S., Zhang, Y. and Wang, Y. (2021) Safety and Immunogenicity of an Inacti-
vated COVID-19 Vaccine, BBIBP-CorV, in People Younger Than 18 Years: A Ran-
domised, Double-Blind, Controlled, Phase 1/2 Trial. Lancet Infect Dis.  
https://doi.org/10.1016/S1473-3099(21)00462-X 

[38] Xia, S., Zhang, Y. and Wang, Y. (2021) Safety and Immunogenicity of an Inacti-
vated SARS-CoV-2 Vaccine, BBIBP-CorV: A Randomised, Double-Blind, Place-
bo-Controlled, Phase 1/2 Trial. Lancet Infect Dis, 21, 39-51.  
https://doi.org/10.1016/S1473-3099(20)30831-8 

[39] Yu, J., Tostanoski, L.H., Peter, L., Mercado, N.B., McMahan, K. and Mahrokhian, 
S.H. (2020) DNA Vaccine Protection against SARS-CoV-2 in Rhesus Macaques. 
Science, 369, 806-811. https://doi.org/10.1126/science.abc6284 

[40] Zhu, F.C., Li, Y.H. and Guan, X.H. (2020) Safety, Tolerability, and Immunogenicity of a 
Recombinant Adenovirus Type-5 Vectored COVID-19 Vaccine: A Dose-Escalation, 
Open-Label, Non-Randomised, First-in-Human Trial. Lancet, 395, 1845-1854.  
https://doi.org/10.1016/S0140-6736(20)31208-3 

[41] Zhu, F.C., Guan, X.H. and Li, Y.H. (2020) Immunogenicity and Safety of a Recom-
binant Adenovirus Type-5-Vectored COVID-19 Vaccine in Healthy Adults Aged 18 
Years or Older: A Randomised, Double-Blind, Placebo-Controlled, Phase 2 
al .Lancet, 396, 479-488. https://doi.org/10.1016/S0140-6736(20)31605-6 

 

https://doi.org/10.4236/jbm.2021.911008
https://doi.org/10.1016/j.cell.2020.06.008
https://doi.org/10.3390/jcm9061885
https://doi.org/10.1101/2020.07.21.20159178
https://doi.org/10.1016/S1473-3099(21)00396-0
https://doi.org/10.1001/jama.2020.15543
https://doi.org/10.1016/S1473-3099(21)00462-X
https://doi.org/10.1016/S1473-3099(20)30831-8
https://doi.org/10.1126/science.abc6284
https://doi.org/10.1016/S0140-6736(20)31208-3
https://doi.org/10.1016/S0140-6736(20)31605-6

	Research Progress on a SARS-CoV-2 Vaccine in China
	Abstract
	Keywords
	1. Introduction
	2. Structure
	3. The Replication Cycle
	4. Vaccines
	4.1. Whole-Virus Vaccines
	4.1.1. Sinopharm (Wuhan) Inactivated Vaccine (Vero Cells)
	4.1.2. PiCoVacc (CoronaVac)
	4.1.3. BBIBP-CorV
	4.1.4. KCONVAC

	4.2. Adenovirus Subunit Vaccines
	4.2.1. Ad5-nCoV
	4.2.2. Recombinant Protein Vaccines


	5. Conclusion
	Funding
	Conflicts of Interest
	References

