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A promising vaccine candidate against
COVID-19
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In a recent study published in (Nature_https://doi.org/
10.1038/s41586-020-2599-8: 2020), Yang et al. developed
a COVID-19 vaccine with high efficacy to induce neu-
tralizing antibodies targeting the receptor-binding do-
main (RBD) of spike (S) protein (S-RBD) and prevent
SARS-CoV-2 infection in multiple animal models, in-
cluding non-human primates. This study not only gave
new insights for developing COVID-19 vaccine, but also
provided a readily applicable strategy to prevent SARS-
CoV-2 infection.
Severe acute respiratory syndrome coronavirus 2 (SARS-

CoV-2) has been spreading worldwide and become a serious
global health problem by causing the novel coronavirus dis-
ease 2019 (COVID-19). However, no licensed preventative
vaccines are available for COVID-19 until now. SARS-CoV-
2 contains four structural proteins, including the nucleocap-
sid, membrane, envelope and S proteins [1]. Among them, S
protein is the most important therapeutic target as it plays
pivotal roles in viral attachment, entry and fusion. The S pro-
tein contains S1 and S2 subunits. The S1 subunit binds to
host angiotensin-converting enzyme 2 (ACE2) receptor and
mediates viral entry, while the S2 subunit mediates the fusion
of virus and host cell membrane [1]. Currently, most vaccine
candidates against COVID-19 are designed to target the S
protein to elicit neutralizing antibodies for blocking virus
entry [2, 3]. Compared with those targeting the whole S pro-
tein, the vaccine candidates targeting the S-RBD are more
scientifically feasible, because they can avoid inducing the
non-neutralizing antibodies targeting the non-RBD regions,
which may cause side effects like antigen-dependent en-
hancement [3, 4]. In addition, the S-RBD region has multiple
conformational neutralizing epitopes and is relatively con-
served, making it as one of the critical targets for vaccine de-
velopment against COVID-19.

To develop a COVID-19 vaccine with global supply
scale, Yang et al. produced a recombinant S-RBD protein
using a commercial baculovirus expression system,
which has already been applied to produce many other
vaccines, including influenza vaccines [5]. This recom-
binant S-RBD protein is as small as 34 kDa and has pur-
ity over 98%. Although some glycosylation sites were
identified on the S-RBD protein, mapping of the SARS-
CoV-2, S-RBD and ACE2 complex suggested that these
glycosylation sites were far away from the binding sites
and probably have few negative impacts on receptor rec-
ognition and/or interaction. More importantly, this S-
RBD protein has good native conformation and can bind
to ACE2 with high affinity, indicating that it is a good
vaccine immunogen to induce neutralizing antibodies
and prevent viral entry.
Considering aluminum (alum) is a safe and effective

vaccine adjuvant, the authors developed the vaccine regi-
men by co-precipitating alum and the S-RBD protein [5].
All the animals (mice, rabbits and non-human primates)
had strong antibody responses after immunization with
the alum-precipitated S-RBD vaccine. The S-RBD-
specific antibodies could be detectable as early as 7 days
post-vaccination in a dose-dependent manner. Interest-
ingly, the S-RBD protein alone also induced specific
antibody responses, while addition of alum as the adju-
vant promoted the specific immune responses. The elic-
ited specific antibody response was very strong because
a positive antibody binding reaction of vaccinated mice
sera could still be identified at dilution of 1:204,800. Fur-
thermore, the sera from immunized mice, rabbits or
non-human primates had strong viral neutralizing abil-
ities to prevent the ACE2-expressing cells from pseudo-
virus or live SARS-CoV-2 infection. Importantly, the
murine sera collected at 7 days after a single dose vac-
cination was effective to block S-RBD/ACE2 binding.
These data suggested that the S-RBD vaccine could
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induce abundant neutralizing antibodies and had a great
potential to prevent SARS-CoV-2 infection in vivo.
Subsequently, the authors found that the S-RBD vaccine

could induce neutralizing antibodies and effectively protect
non-human primates from live SARS-CoV-2 infection.
Once vaccinated, undetectable or decreased viral genomic
and subgenomic RNAs in respiratory system, and no signifi-
cant histopathological changes in lung tissues were found in
SARS-CoV-2-infected non-human primates. These data in-
dicated that the S-RBD vaccine not only controlled viral rep-
lication, but also prevented lung pathogenesis in non-
human primates [5]. As non-human primates are the closest
species to humans by sharing many similarities in physio-
logical, biological and immunological characteristics, the effi-
cacy of the S-RBD vaccine demonstrated in non-human
primates is probably reproducible in human beings.
Elevated T cell responses were also found in the mice vac-

cinated with the S-RBD vaccine. Thus, the authors further
evaluated the involvement of cellular immune response in
the prevention of SARS-CoV-2 infection [5]. Interestingly,
adoptive transferring the sera obtained from vaccinated mice
effectively protected the recipient mice from live SARS-CoV-
2 infection, while the splenic T cells from same vaccinated

mice did not show similar protective effect. Therefore, the
protection was mainly mediated by the specific humoral re-
sponses induced by the S-RBD vaccine.
Finally, the authors determined the safety profile of the

S-RBD vaccine [5]. There was no acceleration of pneumo-
nia or antibody-dependent enhancement in the mice re-
ceiving the S-RBD-vaccinated immune sera. Systematic
inflammation was not observed either, because no inflam-
matory cytokines were significantly increased after vaccin-
ation. Furthermore, no general symptoms, histological
alterations in organs and changes in peripheral blood cells
were observed in vaccinated non-human primates. Taken
together, the S-RBD vaccine has a good safety profile.
In summary, Yang et al. developed a promising COVID-

19 vaccine candidate by targeting the S-RBD of SARS-CoV-
2. The vaccine candidate was safe and could effectively in-
duce neutralizing antibodies to protect animals, including
non-human primates, from live SARS-CoV-2 infection. As
this vaccine candidate can be produced by a commercially
feasible system at a massive scale, it has a great potential to
fight against the global pandemic of COVID-19 and de-
serves to be evaluated in clinical trials as soon as possible
(Fig. 1).

Fig. 1 Scheme of generating and evaluating the vaccine candidate targeting the spike protein receptor binding domain (S-RBD) of SARS-CoV-2.
The recombinant S-RBD protein comprising residues 319–545 was generated at a massive scale using a Bac-to-Bac baculovirus expression system,
followed by precipitation with aluminum (alum). The alum-precipitated S-RBD vaccine was then administrated into mice, rabbits or non-human
primates. The vaccine components are taken by antigen-presenting cells (APCs), and then induce the activation and maturation of APCs. The
activated APCs prime and drive naïve T cells differentiation into effector cells, including CD4 helper and CD8 T cells. Meanwhile, the resting B
cells directly recognize the S-RBD protein and then differentiate into antigen-specific plasma cells and memory B cells under the cytokine support
from APCs and helper T cells. The S-RBD vaccine can induce abundant S-RBD-specific neutralizing antibodies secreted from the plasma cells and
effectively prevent live SARS-CoV-2 infection by blocking viral entry
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