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Abstract

The pandemic of coronavirus disease 2019 (COVID-19), which is caused by severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2), has become the most formidable challenge to humanity in this century. The research and devel-
opment of COVID-19 vaccines, which are believed to be the most effective tools to control this pandemic, has been a
topic of critical importance, not only in the field of biomedicine but also in the entire international community. Here,
we introduce the concepts related to COVID-19 vaccines, including their development process, clinical trials, designs
and types. On this basis, we further summarize the research, development, and application of vaccines in different
regions of the world, and describe the vaccines according to their respective regions. Finally, we discuss existing and
emerging challenges, strategies and prospects of in the development and application of COVID-19 vaccines.

Introduction

Coronavirus disease 2019 (COVID-19), caused by severe acute
respiratory syndrome coronavirus type 2 (SARS-CoV-2), occurred
in China at the end of 2019 and has become a worldwide pan-
demic.! By March 5, 2021, there were approximately 110 million
cumulative cases, with more than 2.4 million deaths globally.> Be-
cause of the enormous public health, economic, and social impacts
of this serious contagious disease, there is an urgent need for safe
and effective vaccines to control this pandemic. Speeding up the
research, development, and application of COVID-19 vaccines is
not only an imminent biomedical issue, but also an essential is-
sue relevant to the economy, social stability, and even politics.>*
Therefore, the whole development process of COVID-19 vaccines
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has been reduced from the conventional 10-15 years to about 1
year,® hoping the widespread immunity acquisition from vaccines
normalizes the lifestyle of people worldwide.®

As of March 5, 2021, according to the data released by the
World Health Organization (WHO), 78 candidate vaccines have
entered clinical trials, and an additional 182 candidate vaccines
have been under pre-clinical investigation.” Of the 78 candidates,
21 have been or are being evaluated in phase II/II1, III, or IV clini-
cal trials.” Moreover, several vaccines have been approved by the
authorities of many countries for emergency use in the general
population.8=? The present review first introduces the general con-
cepts, the categories of COVID-19 vaccines and their underly-
ing mechanisms, then summarizes the progress on the research,
development and application of COVID-19 vaccines, and finally
provides prospects on the crucial roles of COVID-19 vaccines in
preventing and eliminating the disease.

Considerations on COVID-19 vaccine development
Requirement for urgent development of COVID-19 vaccines

The development process of COVID-19 vaccines generally in-
cludes vaccine design, preclinical experiments, and phases I, II
and I1I clinical trials.® Briefly, preclinical experiments aim to un-
derstand whether injection of a vaccine into an animal, such as a
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Table 1. Advantages and disadvantages of different types of COVID-19 vaccines

Vaccine type Advantages

Disadvantages

Inactivated Mature technology and
virus?6 simple preparation
Attenuated Long-lasting immunity and
virus?’ mature technology

Protein subunit?®  Good safety profile and stability

Induction of humoral and
cellular immunity

Virus-like
particle?®

Effective induction of humoral
and cellular immunity

Viral vector3?

Weak immunogenicity; requirement for multiple immunizations

High requirements for storage and transportation;
poor safety; toxic reversal risk

Weak and short immunity; requirements for adjuvants

High requirements for biological fermentation and plasmid purification

High requirements for the purity and activity of the viral
vector; possibly presenting pre-existing immunity

Nucleic acid (DNA High potency; rapid and cost-efficient  Poor intracellular delivery; potential risk of carcinogenesis for DNA

and RNA)3! development and production

vaccines due to chromosomal integration; poor stability for mRNA vaccines

mouse or monkey, will produce an immune response. Phase I trials
involve administering the vaccine candidate to a small number of
people (usually fewer than 100) to test its pharmacokinetics, bio-
availability, pharmacodynamics and safety, and determine the dose
that will activate an adequate immune response.! In phase I trials,
investigators apply the vaccine to hundreds of people on a repre-
sentative population to see whether the effects of the vaccine differ
among different populations and to further determine the safety,
efficacy, vaccination schedule and dose size of the vaccine.!! In
phase III trials, investigators recruit a larger number of people,
randomly divide them into the vaccine and placebo groups, and
determine whether the vaccine can prevent COVID-19; the safety
of the vaccine is further evaluated.!?

Due to the rapid and widespread transmission of SARS-CoV-2
infection worldwide, there is an urgent need for an expedited devel-
opment of COVID-19 vaccines.'? Therefore, combined clinical tri-
als have been designed to accelerate the development of COVID-19
vaccines in phase I/II clinical trials, where hundreds of people are
tested, and phase II/III or III trials, where thousands of people are
tested.’ All clinical trial data on the vaccine development need to
be reviewed by the regulatory authority of each country to decide
whether or not the vaccine is to be approved for use or emergency
use in the population. Currently, a few COVID-19 vaccines have
been authorized for emergency use in some countries. 16

Vaccine design and underlying mechanisms

IgM and IgG antibodies to SARS-CoV-2 are detectable within 1-2
weeks after the onset of COVID-19 symptoms in most infected in-
dividuals.'” It has been reported that there are high levels of neutral-
izing antibodies in convalescent individuals,'® which are associated
with T cell responses, particularly those of CD4" T cells'® although
the associations of neutralizing antibodies with antigen-specific T
cells, disease severity, and clinical outcomes remain to be elucidat-
ed. According to current immunological knowledge and principles,
as well as previous data derived from the similar vaccine platforms,
it is assumed that parenteral COVID-19 vaccines that are able to
induce a robust and durable response involving both neutralizing
antibodies and T cells can provide a significant extent of protection.’

To design a COVID-19 vaccine, the first consideration is the
selection of the target antigens/immunogens of SARS-CoV-2. The
structural proteins of SARS-CoV-2 include spike (S), nucleocapsid
(N), membrane (M), and envelope (E) proteins. It has been shown
that only antibodies directed to the S protein can neutralize SARS-

32

CoV virus,?” suggesting that only antibodies directed against the S
protein of SARS-CoV-2 virus, mainly the receptor-binding domain
of the S1 subunit, can neutralize the virus and prevent the virus
from infecting the human body. The second consideration is the
way that the vaccine is inoculated, which affects its immune pro-
tection to the human body.?!?> At present, most vaccines are ad-
ministered through the parenteral routes, such as intramuscular in-
jection. The protective IgG antibodies induced by this vaccination
can appear on the respiratory mucosa, but cannot induce sufficient
mucosal IgA or the tissue-settling T-cells in the lungs.?? In con-
trast, the respiratory tract mucosal administration method can more
effectively induce antibodies and tissue colonizing T cells.2425

In general, there are six categories of COVID-19 vaccines,
namely, inactivated (killed) virus,*® live attenuated (weakened)
virus,?” protein subunit,?® virus-like particle (VLP),* virus vec-
tor (non-replicating viral vector or replicating viral vector),*’ and
nucleic acid (DNA or RNA) (Table 1, Fig. 1).2631:32 Of these types,
inactivated or attenuated virus vaccines belong to the first gen-
eration vaccines, protein subunit and VLP vaccines belong to the
second generation vaccines, and virus vector and nucleic acid vac-
cines belong to the third generation vaccines (Fig. 1).33%7

An inactivated vaccine refers to the virus that is cultured and
killed in vitro and used to stimulate the body to produce antibod-
ies. The technology of inactivated vaccine is well established, and
its preparation is simple, but its immunogenicity is weak, and thus
multiple immunizations are required (Fig. 1a).2¢ A live attenuated
vaccine mainly refers to a virus with weakened pathogenic virulence
through artificially induced mutation but still with the ability to rep-
licate and maintain good immunogenicity (Fig. 1b).2” However,
such vaccines have the potential to recover their virulence, and thus
are less commonly considered due to this drawback. Protein subunit
vaccines use pieces of the pathogen, usually a fragment of proteins.
It has advantage of decreasing side effects, but it may suffer from
poor immunogenicity (Fig. 1¢).28 To overcome this weakness, adju-
vants are often used to boost the immune response. A VLP vaccine
represents a specific subunit vaccine that mimics the structure of
authentic virus particle, with dramatic effectiveness (Fig. 1d).?* A
vector vaccine is generally constructed from a carrier virus, such
as an adenovirus or a pox virus, and engineered to carry a relevant
gene that encodes a target antigen (Fig. 1¢).3? A nucleic acid vaccine
refers to a gene encoding a target antigen of the virus (e.g. S protein
of SARS-Cov-2), which is directly injected into the human body
and subsequently induces human cells to produce the target antigen
(e.g., the S protein of SARS-Cov-2), which in turn, stimulates the
human body to produce antibodies against the virus (Fig. 11).3! A
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Fig. 1. lllustrations for the six types of COVID-19 vaccines, including inactivated vaccines (a), live attenuated vaccines (b), subunit vaccines (c), virus-like
particle vaccines (d), vector vaccine (e), and nucleic acid (DNA or RNA) vaccines (f). The structure of SARS-COV-2 virus is composed of an RNA molecule,
surrounded by a series of structural and functional proteins including S protein, N protein, E protein, and M protein. The S protein of SARS-CoV-2, which plays
a key role in the receptor recognition and cell membrane fusion process, is the main protein used as a target in COVID-19 vaccine development. In structural
biology, a protein subunit is a single protein molecule that assembles with other protein molecules to form a protein complex. Adapted, with modification,

from van Riel D and de Wit E. Nat Mater 2020;19(8):810-812.32
nucleic acid vaccine can be developed in a short period of time, and
its immunogenicity is good. However, it is easily degraded, and its

stability is poor. The advantages and disadvantages of the different
types of vaccines are summarized in Table 1.26-31

Research, development and application of COVID-19 vac-
cines

COVID-19 vaccines developed in different continents
Currently, at least 78 vaccines are evaluated in the clinical trial

phases worldwide.” According to the country where the headquar-
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ter of the research and development unit is located, these vaccines
were either jointly developed by multiple countries, accounting for
13 vaccines, or independently developed by a single country, ac-
counting for 65 vaccines (Table 2).

In Asia and Oceania, countries, where COVID-19 vaccines are
currently being developed in clinical trials, include China, South
Korea, India, Israel, Japan, Kazakhstan, and Thailand, Turkey, Vi-
etnam and Iran.” Among them, China has 15 vaccines, India and
South Korea each have three vaccines, Japan has two vaccines,
and Israel, Kazakhstan, Thailand, Turkey, Vietnam, and Iran each
have one vaccine. Among these vaccines, there are ten inactivated
vaccines, six protein subunit vaccines, seven viral vector vaccines,
and six nucleic acid vaccines (Table 2).7-34-36

In Europe, countries, where COVID-19 vaccines are currently

33
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being developed in clinical trials, include the United Kingdom of
Great Britain (UK), Germany, and Russia.” Among them, there are
three vaccines in the UK, three vaccines in Germany, and two in
Russia. Among these vaccines, there are one inactivated vaccine,
two protein subunit vaccines, three viral vector vaccines, and two
nucleic acid vaccines (Table 2).7

In North America, countries, where COVID-19 vaccines are
currently being developed in clinical trials, include the United
States of America (USA), Canada and Cuba.” Among them, the
USA has 11vaccines, and Canada and Cuba each have three vac-
cines. Among these vaccines, there are six protein subunit vac-
cines, one virus-like particle vaccine, five viral vector vaccines,
and five nucleic acid vaccines (Table 2).7

COVID-19 vaccines developed in phase II/I11, 111 or 1V clinical
trials

As of March 5, 2021, 21 COVID-19 vaccines worldwide have en-
tered the phase II/111, I1I or IV of clinical trials according to data re-
leased by WHO.” These include six inactivated vaccines, four viral
vector vaccines, four protein subunit vaccines, one VLP vaccine,
and six nucleic acid vaccines (Table 3).” Most vaccines require two
doses; three may require one dose only, and the one developed by
Cadila Healthcare Limited (Ahmedabad, India) requires three dos-
es. These vaccines provide a pipeline for the potential approval by
the regulatory authorities of the different countries for emergency
use in the general population as more clinical data become publicly
available. For example, on January 28, 2021, Novavax (Gaithers-
burg, USA) announced that its recombinant protein COVID-19
vaccine, NVX-CoV2373, reached the primary endpoint in a phase
I1I clinical trial conducted in the UK, with a vaccine effectiveness
of 89.3%.% This study evaluated the effectiveness of the vaccine
during the period when SARS-Cov-2 infection was spread quickly,
with the emergence of new variants of the virus in the country.
NVX-CoV2373 is stable under refrigerated conditions at 2-8 °C
and can be distributed using existing vaccine supply chain chan-
nels.?® This vaccine is currently undergoing multiple phase II and
III clinical trials in South Africa, the UK, the USA and Mexico.

COVID-19 vaccines approved for application in the general
population

To our knowledge, at least nine vaccines, including four inacti-
vated vaccines, one protein subunit vaccine, two viral vector
vaccines, and two nucleic acid vaccines, have been authored or
approved by authorities of many countries for emergency use in
general population at present (Table 4).8

The four approved inactivated vaccines were developed by
Wuhan Institute of Biological Products (Wuhan, China), Beijing
Institute of Biological Products (Beijing, China), Sinovac (Beijing,
China) and Bharat Biotech (Hyderabad, India), respectively.® On
December 30, 2020, the COVID-19 vaccine, BBIBP-CorV, from
Beijing Institute of Biological Products was approved by the Na-
tional Medical Products Administration (NMPA) for marketing in
China.*® This vaccine is reportedly to provide 79.3% protection
against the coronavirus which meets the standards of the WHO and
NMPA.* Adverse events, which are mainly local pain and indura-
tion, have been reported in a proportion of people who have been
inoculated with this vaccine. Mild fever occurs in less than 0.1%
of cases, and the incidence of more severe adverse events such as
allergic reactions is about two per million. These adverse events
are improved or disappear over time with or without treatment.?®
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The approved protein subunit vaccine, EpiVacCorona, was
developed by the Federal Budgetary Research Institution State
Research Center of Virology and Biotechnology (Koltsovo, Rus-
sia). The unique feature of EpiVacCorona is that it contains the
fragment of synthetic peptide antigen of the virus. According to
consumer health watchdog, EpiVacCorona has proved to be 100%
effective in early-stage trials.*

The two approved viral vector vaccines, AZD1222 (formerly
ChAdOx1 nCoV-19) and Sputnik V (or Gam-Covid-Vac), were de-
veloped by AstraZeneca (Cambridge, UK), in collaboration with
University of Oxford, UK, and Gamaleya Research Institute of
Epidemiology and Microbiology (Moscow, Russia), respectively.®
An interim analysis of four ongoing randomized controlled trials
in Brazil, South Africa, and the UK showed that AZD1222 had an
acceptable safety profile and was efficacious against symptomatic
COVID-19.#! So far, AZD1222, or Covishield (the Serum Institute
of India version), has been authorized for emergence use in the
UK, India, Argentina, the Dominican Republic, El Salvador, Mex-
ico, and Morocco,” and Sputnik V was approved for emergence use
in Russia, Belarus, Argentina, Guinea (experimental use), Bolivia,
Algeria, Palestine, Venezuela, Paraguay, Turkmenistan, Hungary,
UAE, and Serbia.*

The two approved mRNA vaccines, mRNA-1273 and
BNT162b2, were developed by Moderna (Cambridge, MA, USA)
and Pfizer (New York, USA) in collaboration with BioNTech’s
(Mainz, Germany) respectively.*>** It has been reported that the
two vaccines have efficacy rates of 95.0% and 94.1%, respec-
tively.#*5 The local reactions to mRNA-1273 vaccination are
mild; however, moderate-to-severe systemic adverse events, such
as fatigue, myalgia, arthralgia, and headache, have been noted in
approximately 50% of recipients of mRNA-1273 after the sec-
ond dose. These adverse events are transient; they usually start
about 15 hours after vaccination and are resolved on day 2 with-
out severe consequences.*® The preliminary data on the safety of
BNT162b2 have also been reported. Among the 1,893,360 first
doses of BNT162b2 administered from December 14 to 23, 2020
in the USA, 21 case reports submitted to Vaccine Adverse Event
Reporting System (VAERS) met the Brighton Collaboration case
definition criteria for anaphylaxis, corresponding to an estimated
rate of 11.1 cases per million doses administered.*” Four (19%)
of these cases were hospitalized, with three being treated in the
intensive care unit, and 17 (81%) were treated in the emergency
department. In addition, 20 (95%) were discharged or had recov-
ered at the time of the report to VAERS. There were no deaths from
anaphylaxis.*” Therefore, both vaccines appear to be safe without
serious adverse events; however, considering that mRNA vaccines
are relatively new, their safety must be closely monitored in phase
IV clinical trials in the future (Table 3).4® Currently, mRNA-1273
has also been approved in the USA, Canada, Israel, Saudi Arabia,
Switzerland, the UK, the European Union, Faroe Islands, Green-
land, Iceland, and Norway.”#! BNT162b2 has been approved for
emergency use in the USA, the UK, Bahrain, Canada, Mexico,
Singapore, Costa Rica, Ecuador, Jordan, Panama, Chile, Oman,
Saudi Arabia, etc.542

Challenges and strategies in vaccine development and applica-
tion

There are challenges that need to be overcome in the develop-
ment of COVID-19 vaccines. The first one is the clinical trial de-
sign. In a conventional clinical trial, an accurate estimate of the
background incidence rate of the primary endpoint in the placebo
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arm is required for a robust sample size calculation. However, the
rapid changes in the COVID-19 pandemic indicate that predicting
the incidence of SARS-Cov-2 infection in the general population
without vaccination is challenging, and public health interventions
such as masking and social distancing to control the spread of the
virus further complicates the prediction. Therefore, investigators
should carefully consider appropriate clinical trial design op-
tions.* For example, an adaptive case-driven trial design, in which
the power and precision are not determined by the size of the trial
but rather by the overall number of COVID-19 cases identified for
the primary endpoint, is worth considering.*’

The second one is safety, which is a critical issue. The develop-
ment of an adequate safety database is essential for the regula-
tory approval and public acceptance of any new vaccines.’’ In
addition to serious adverse events, the phenomenon of disease
enhancement after vaccine immunization also requires attention.
Antibody-dependent enhancement (ADE) of a viral infection has
always been a major concern of vaccine development and anti-
body-based therapeutic modalities.5! Previous studies on the de-
velopment of vaccines against severe acute respiratory syndrome-
associated coronavirus (SARS-CoV) and Middle East respiratory
syndrome coronavirus (MERS-CoV) have shown that if animals
are exposed to the respective live virus after vaccination, the vac-
cinated animals may develop more severe disease. Therefore,
COVID-19 vaccines should be rationally designed to only induce
both neutralized antibodies and robust T cell-medicated immu-
nity, which may minimize the possibility of ADE. The potential of
any vaccines to result in ADE should be fully evaluated in animal
models prior to clinical trials.

The third one is the emergence of variants of SARS-Cov-2 vi-
rus, which may compromise the vaccine efficacy.5? Alterations in
the S-protein that increase viral shedding from an infected indi-
vidual or the binding affinity to the human angiotensin-converting
enzyme 2 receptor would increase the transmission of the virus.
Such alterations can also change the shape of the S-protein and
impair or even destroy the binding sites of virus-neutralizing an-
tibodies.3? These alterations may occur when the virus is under a
selective pressure by the neutralizing antibodies that can inhibit
replication of the virus but cannot eliminate it. The virus would
escape the pressure and restore its replication capacity through the
alterations. Thus, viral evolution under such a suboptimal immu-
nity condition is one of the major concerns for the development of
a SARS-CoV-2 vaccine.5? Therefore, a few measures have been
recommended to prevent or minimize the potential effects of the
emergence of variants on the vaccine efficacy. First, SARS-CoV-2
virus must be immediately isolated and characterized from indi-
viduals who have been fully vaccinated but are later diagnosed
with COVID-19, which can help understand the signs that a variant
is becoming resistant to vaccine-induced immunity. Second, it has
been recommended to create a central repository of serum samples
from people immunized with SARS-CoV-2 vaccines, which would
allow to test their neutralizing capacities against any potential new
variants as soon as they are identified.>* Third, it is essential to
establish international cooperation in order to create and main-
tain active and efficient sequencing and surveillance systems that
identify the variants as soon as they occur. Fourth, SARS-CoV-2
vaccines, especially mRNA and replication-defective adenovirus
vaccines, should be designed to accommodate the major sequence
alterations in the new variants, so the vaccines are effective against
the variants. Recently, Xie ef al. engineered three SARS-CoV-2
variants containing key spike mutations, including N501Y, spike
69/70 deletion, E484K, and demonstrated that the mRNA-based
COVID-19 vaccine BNT162b2 had neutralizing titers to three var-
iants of SARS-CoV-2 that were similar to their parental virus.535
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These findings indicate that these mutations may have small ef-
fects on neutralization by sera elicited by two BNT162b2 doses.
However, vaccines may need to be redesigned and adjusted to be a
better match for the new variants.

Finally, the application of COVID-19 vaccines in the general
population is an unprecedented challenge. It is widely accepted
that safe and efficacious vaccines are considered the “ultimate
weapon” to defeat the COVID-19 pandemic. At present, some
countries have begun or plan to carry out COVID-19 vaccination
in the general population.55-57 However, the critical issue is how
to vaccinate the whole population in the world, as quickly as pos-
sible. WHO has called for giving priority to vaccinating for those
who need it most, including health workers with a higher risk of
infection and people suffering from serious diseases. Moreover,
particular attention should be paid to specific population groups.
For example, currently, there are insufficient data on the effects
of COVID-19 vaccines on pregnant women, lactating mothers
and breastfed infants. However, the Centers for Disease Control
and Prevention (CDC), American College of Obstetricians and
Gynecologists, and the Society for Maternal-Fetal Medicine of
the USA state that pregnant individuals who meet the criteria for
receiving a COVID-19 vaccine may wish to choose to be vacci-
nated. They all reassure about initiating or continuing breastfeed-
ing in a recently vaccinated individual, considering the benefits
of breastfeeding to the infant and the safety profiles of other vac-
cines given during lactation.® Currently, almost all candidates
tested are in the adult population, and whether COVID-19 vacci-
nation should be implemented in children is a question. Although
the incidence of SARS-CoV-2 infection is lower and the severity
of COVID-19 is much milder in children than in adults,> the
role of SARS-CoV-2 infection in children in the transmission of
the infection among the population cannot be ignored. There-
fore, COVID-19 vaccination in children would significantly help
prevent SARS-CoV-2 transmission. However, the vaccines must
demonstrate their safety and efficacy in children before imple-
mentation of childhood vaccination.% It has been shown that peo-
ple with COVID-19 are at high risk for morbidity and mortality
when they have underlying physical conditions, such as chronic
obstructive pulmonary disease, cardiovascular diseases, type 2
diabetes mellitus, obesity, chronic kidney disease, immunodefi-
ciency, and cancer.%! Therefore, the US National Academies of
Sciences, Engineering, and Medicine prioritize these patients in
the allocation of vaccines.®?> However, patients with these under-
lying physical conditions should be carefully monitored during
and a few days after vaccination due to safety concerns.®® In ad-
dition, it has been reported that people with acute exacerbation of
chronic diseases such as high blood pressure, chronic hepatitis,
and chronic nephritis, and those with weakened immune systems
are unsuitable for getting vaccine shots.®* Although patients with
hepatocellular carcinoma undergoing locoregional or systemic
therapy should also be considered for vaccination without inter-
ruption of their treatment, patients with recent infections or fever
should not receive the COVID-19 vaccine until they are medical-
ly stable.%5 Currently, convincing the public that the COVID-19
vaccine is safe and effective is challenging, as recently reported
in the USA, where a large proportion (31.1%) of the American
public do not intend to pursue a vaccine against COVID-19 even
if it becomes available, due to concerns about safety, effective-
ness, and a lack of resources.®%-¢7 Therefore, in addition to ensur-
ing the funding, development, production, supply, transportation,
and distribution of vaccines, world leaders should strengthen
advocacy and communication to further educate the population
on the importance of vaccination; even the most effective vac-
cine cannot protect the public if people are afraid to or do not
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take it. Particularly, stop the anti-vaccination fake news and anti-
vaccination movement!

Prospects

Now that COVID-19 vaccines have advanced to the later stages
of clinical development and application at an extraordinary rate,
it is expected that clinical data on more candidate vaccines with
promising efficacy and good safety profiles as evaluated in phase
I trials will be reported in the next few months.®® Given the regu-
latory bodies’ first-in-class and best-in-class drug-approval phi-
losophy, some of the vaccines may have difficulty in obtaining ap-
proval in certain counties or markets due to existing vaccines in
the same class. The two mRNA vaccines, BNT162b2 and mRNA-
1273, developed by Pfizer/BioNTech and Moderna, respectively,
are expected to be used in more countries although the efficacy of
BNT162b2 has been recently questioned.®® Moreover, the vaccine
(a protein subunit vaccine) developed by Novavax and the one (a
viral vector) by Johnson & Johnson, which are more convenient to
store and distribute than the two mRNA vaccines, are anticipated to
produce promising results in the phase III clinical trials (Table 3).70
However, it should be mentioned that clinical trials of vaccines may
be restricted by limited cases if the pandemic is under control, as
demonstrated in China. Moreover, the potential short protection du-
ration of a COVID-19 vaccine is also a challenging issue at present,
and thus vaccines with long-term protection are anticipated.

Over the past year, governments of various countries have in-
vested heavily in the research and development of COVID-19 vac-
cines, and some have initiated emergency vaccine approval. WHO
has also established a special team to coordinate global COVID-19
vaccine development.”! It is believed that with the reference of
SARS-CoV and MERS-CoV vaccine development experience and
lessons, as well as the concerted cooperation of global scientists
and the policy support of various governments, the process of the
development and application of COVID-19 vaccines will be greatly
shortened and eventually matured. Practically, international cooper-
ation is essential with the leadership and coordination of WHO and
CDC:s of participating countries in order to accelerate and optimize
the production and vaccination of approved vaccines, and educate
and convince the population to receive vaccination. Informatics is
also a critical strategy in combating the COVID-19 pandemic.”

Conclusions

The pace of vaccines development and application is accelerating,
and the number of vaccines entering phase IV clinical trials is in-
creasing. Although there will be difficulties and challenges in the
development of the vaccine, with the accumulation of our experi-
ence, we will eventually overcome the disease.
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