
Review Article: COVID-19

Development of Corona-virus-disease-19 Vaccines
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Abstract:
The year 2020 opened with news of an epidemic of pneumonia caused by a new coronavirus similar to the SARS coronavi-
rus in Wuhan, China, and subsequently caused a worldwide pandemic. In Japan, the first infected person was found in
January, and later, more than 700 passengers and crew members of the Diamond Princess, a large cruise ship that called at
Yokohama port, were found to be infected, and the ship was forced to respond to the outbreak. The causative virus was
quickly identified as a beta coronavirus similar to the severe acute respiratory syndrome (SARS) coronavirus of 2003 and
was named SARS coronavirus 2 (SARS-CoV-2). The disease was named COVID-19. SARS-CoV-2, like SARS-CoV and
MERS-CoV, infects the epithelial cells of the lungs and causes viral pneumonia. As of March 7, 2021, more than 116 mil-
lion people have been infected and more than 2.5 million people have died worldwide. As a result of the global pandemic,
regional blockades have been imposed around the world, and the development of vaccines and therapeutic agents has be-
come an urgent necessity in order to restore normal social activities. In this review, the experience of the development of
SARS-CoV-2 vaccine is described.
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SARS and MERS Vaccine Development

The model for starting vaccine development was the strategy
of vaccines for SARS and MERS, which are similar pneumo-
nia diseases caused by beta coronaviruses similar to COV-
ID-19 (1), (2) caused by SARS-CoV-2. However, the reality is
that there is no approved vaccine for SARS or MERS yet, and
there are issues that must be overcome.

In the case of the SARS-CoV vaccine, attempts were made
to develop recombinant vaccines based on the S protein, the
surface protein of the virus, attenuated live vaccines, inactivat-
ed whole-particle vaccines, and vector vaccines (3). However,
these vaccines were not able to induce sterilized immunity in
animal models. In addition, incomplete immunity may cause
vaccine-associated disease exacerbation (VADE) such as exacer-
bation of pneumonia and eosinophilic infiltration due to an
infection after vaccination, indicating the need for careful at-
tention to vaccine safety. In many cases, S-protein-based vac-
cines have been shown to reduce post-infection viral titers and
improve survival, but similar VADEs have been observed in
the development of MERS-CoV vaccines (4), (5). In the develop-
ment of a vaccine for SARS-CoV-2, special attention must be
paid to ensure safety in humans. Another factor to be consid-

ered in the development of a vaccine for SARS-CoV-2 is the
characteristics of immunity induced by human coronavirus
infection. Although some viral infections confer lifelong im-
munity, studies of antibody responses in SARS- and MERS-
infected patients have shown that the immunity induced by
human coronavirus infection does not last for a long time but
declines within a few years (6), (7). The same may be true for the
immune response to SARS-CoV-2. A similar phenomenon
has been reported in the response of SARS-CoV-2, that is, the
repeated infection by another virus within a short period of
time after recovery. Although it is unclear whether the im-
mune response to SARS-CoV-2 induced by a vaccine is neces-
sarily the same, it is important to note the duration of immun-
ity. Thus, the knowledge gained from the SARS and MERS
vaccine studies will be very important in the development of a
vaccine against SARS-CoV-2.

Vaccine Platforms

The development of a vaccine against SARS-CoV-2 is current-
ly being pursued at a rapid pace around the world using vari-
ous platforms and the full power of the latest technologies
(Table 1). Some of the vaccines have already been commer-
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cialized and approved in many countries. Among the many
platforms, messenger RNA (mRNA) vaccines, which are ge-
netically engineered and take less time to manufacture, have
been developed. They have successfully finished phase III clin-
ical trials with 95% vaccine efficacy (8) and have been approved
in many countries. Unlike conventional vaccines that use viral
components as antigens and induce an immune response,
these vaccines use mRNA encoded by the virus and inoculate
the vaccine with the mRNA. The genome sequence of SARS-
CoV-2 has been rapidly sequenced and published by Chinese
researchers (2), (9), (10). Vaccine studies for SARS and MERS have
suggested that antibodies targeting the spike protein (S pro-
tein) on the virus surface (Figure 1) are useful in preventing
infection by inhibiting the binding of the virus to its receptor,
ACE2. In addition to vaccines that directly utilize genes, re-
search institutes and manufacturers in Europe and the United
States have been developing vaccines that express S protein us-
ing viral vectors. Oxford University has developed a vector
vaccine based on chimpanzee adenovirus vectors that has also
completed phase III clinical trials successfully with high vac-
cine efficacy (11) and has been approved in many countries.
These vaccine developments are based on new technologies

that have never been used before in general in human vaccines.
When we look at the development of vaccines using con-

ventional vaccine production, the first thing that comes to
mind is an inactivated vaccine in which the virus is multiplied
and inactivated for the vaccine antigen. A vaccine manufactur-
er in China has already finished clinical trials, with the vaccine
approved for use in China. In Japan, we are cooperating with a
vaccine manufacturer to develop a whole-particle inactivated
vaccine. When SARS-CoV-2 was first isolated, it was thought
that it would be difficult to produce inactivated vaccine due to
the poor replication of the virus. However, repeated cultiva-
tion has increased the multiplication efficiency, and the yield
as a vaccine antigen has improved. This inactivated vaccine is
about to begin the phase I/II clinical trial in Japan.

Recombinant protein vaccines that use protein antigens
are also promising candidates among the conventional vaccine
platforms. We began investigating recombinant protein vac-
cines using the spike protein of SARS-CoV-2 as a vaccine plat-
form at the beginning of the pandemic. This is because the
technology has already been used in human vaccines and we
felt confident in its safety, and also because there is a plant and
technology in Japan that can produce vaccine antigens in large

Table 1. Vaccine Types.

Vaccine type Advantages Disadvantages Examples of other vaccines

Virus vector Easy to develop, theoretically safe Poor precedent Ebola, gene therapy

Nucleic acids (DNA, mRNA) Easy to develop, theoretically safe Poor precedent None

Virus (inactivated or live vaccine) Most proven Possibility of antibody-dependent disease
enhancement

Measles, rubella, influenza, and many other
diseases

Recombinant protein Proven Adjuvant is often required Hib, hepatitis B, HPV, pneumococcus,
meningococcus

https://www.niaid.nih.gov/research/vaccine-types

Figure 1. Transmission electron micrograph of SARS-CoV-2. The white arrow points to the spike protein.
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quantities. As the biosafety level for SARS-CoV-2 is BSL-3, it
requires a special facility to replicate the virus. Therefore, it
would be advantageous to produce large quantities of vaccine
antigens in a short period of time without the restriction of
the biosafety level of the target virus. The spike protein on the
surface of SARS-CoV-2 is the key molecule to bind to the cel-
lular receptor (Figure 1). The S protein binds to the biologi-
cal receptor, angiotensin converting enzyme 2 (ACE2), and
causes membrane fusion to establish the infection. Since the S
protein contains a receptor binding site, it can be used as a vac-
cine antigen for infection prevention. To prevent this process,
it is desirable to develop a vaccine that can induce antibodies
that bind to the receptor binding site of the S protein and in-
hibit viral infection. The efficacy of the vaccine was confirmed
in animal experiments, and the phase I/II clinical trials have
begun at the end of 2020.

Animal Models for Vaccine Evaluation

Another key issue in the development of a vaccine for SARS-
CoV-2 is the use of proper animal models to test the efficacy
and safety of the vaccine. Mice are the most popular animal to
test the immune responses induced by a vaccine and to exam-
ine protection against the infection. It is also used for the safe-
ty test when infection experiments can be performed in mice.
However, it has been pointed out since the discovery of the vi-
rus that SARS-CoV-2 is not infectious in wild-type mice.
Therefore, it was necessary for researchers to first establish an
animal model for infection. It has been reported that hamsters
are susceptible to SARS-CoV-2 and can be used as an animal
model for infection (12) at a very early time after the pandemic.
In addition, other animals such as Ace2 transgenic mice, crab-
eating monkeys, ferrets, cats, and old mice were tested for in-
fection and immune responses.

Vaccine-associated Disease
Enhancement

In SARS vaccine research, vaccine-associated disease enhance-
ment (VADE) has become a problem. In the mouse model, eo-
sinophilic infiltration around blood vessels in the lungs was
found in the vaccinated and infected animals, which exacer-
bated the pneumonia. This condition was found to depend
on the type of immunity induced by the vaccine (10). At this
point, it is not clear whether vaccine development against
SARS-CoV-2 will result in an exacerbation of the disease. Al-
though it is still unclear whether or not there will be an exacer-
bation in SARS-CoV-2 vaccine, it has been recognized inter-
nationally as an important point to be considered in vaccine
development since the early stage.

In a study of the SARS vaccine, the eosinophilic infiltra-
tion observed in post-vaccination viral challenge infections
was alleviated by the use of Toll like receptor agonists adju-
vant (13). Since the immunity induced by different types of ad-

juvants differs, it is necessary to consider the effect on VADEs
when using adjuvants.

Conclusion

The efficacy of the vaccine needs to be proven in the field
through large-scale clinical trials, and surrogate markers need
to be examined at the same time during the development
stage. Currently, the neutralizing antibody titer in blood is
used as an indicator of the expected efficacy of SARS-CoV-2
worldwide. However, it is unclear at this stage how much effi-
cacy can be expected from a vaccine if neutralizing antibodies
are induced in the blood. First of all, the approximate effective
antibody titer is estimated from serum from immunized ani-
mals, animals that have recovered from infection, or serum
from patients who have recovered. When considering the de-
velopment of vaccines for infectious diseases, it is important to
understand the pathogenesis of the disease and consider ap-
propriate protective measures. In COVID-19, the target of in-
fection is the epithelium of the upper respiratory tract and al-
veolar epithelium. Studies on influenza vaccines have shown
that neutralizing antibodies in the blood are effective in pre-
venting viral pneumonia in the lungs. Therefore, if we can in-
duce neutralizing antibodies in the blood by the SARS-CoV-2
vaccine, we can expect prevention of viral pneumonia, which
has become a problem. While responding to the need for gen-
eration of vaccines that are fast-acting, we should aim to devel-
op vaccines that induce mucosal immunity, which is highly
likely to suppress infection and prevent epidemics.
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