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COVID-19 vaccines 

SARS-CoV-2 is a single-stranded RNA-enveloped virus.1 A large number of 
glycosylated S proteins cover the surface of SARS-CoV-2 mediating attachment of 
the virus to cell surface receptors, followed by uptake into endosomes. Proteolytic 
cleavage of the S protein and fusion of viral and endosomal membranes trigger the 
release of viral RNA into the cytosol. Cell entry of SARS-CoV-2 virus depends on 
binding of the viral S protein to the ACE2 receptor and the priming of S protein by 
serine protease TMPRSS2. The S protein on the surface of the SARS-CoV-2 virus is 
a key factor involved in infection, mediating receptor recognition, viral attachment, 
entry and fusion into host cells. Due to its indispensable functions, S protein 
represents one of the most important targets for COVID-19 vaccine.2 S protein has a 
high antigenicity and a proven ability to elicit robust humoral immune responses and 
neutralizing antibodies in individuals convalescent from SARS-CoV-2 infection and 
COVID-19 disease, appearing as an ideal candidate for vaccination against SARS-
CoV-2 infection.3 Indeed, most SARS-CoV-2 vaccines in development include at 
least a portion of the S protein, restricted to only the S1 domain or the receptor-
binding domain.  

Major COVID-19 vaccine candidates 

As of December 10,2020, there are 52 candidate vaccines in clinical evaluation and 
162 vaccines in different stages of preclinical evaluation worldwide, 
The WHO is publishing a regularly updated list of vaccines in development 
(https://www.who.int/publications/m/item/draft-landscape-of-covid-19-candidate-
vaccines). The safety, immunogenicity and protective efficacy of experimental 
vaccines are rigorously evaluated and established in animal models first before 
clinical trials are begun. In the case of pandemic vaccine development, the 
preclinical and clinical stages of vaccine development are compressed and move 
forwards in parallel. One of the challenges in the vaccine development process is the 
rapid development of mutations in RNA viruses in the genes encoding surface 
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glycoproteins, which trigger the antigenic immune response and lessen the 
effectiveness of vaccines.  
The overview of the technological platforms of candidate vaccines against SARS-
CoV-2 is presented in Table 1 with the lead candidates including mRNA-based and 
viral-vectored vaccines.4 
 

Protein based vaccines  

Protein-based vaccine use harmless fragments of proteins or protein shells that 

mimic the COVID-19 virus to safely generate an immune response. The protein 

subunit vaccine is based on synthetic peptides or recombinant proteins. The spike 

protein is the most suitable antigen to promote neutralizing antibodies; others use 

the spike protein’s receptor-binding domain. These recombinant proteins are 

produced in various systems, including insect cells 

NVX-CoV2373 (Novavax) 

§ Structure: 

o the recombinant full-length spike glycoprotein optimized in the established 

baculovirus Spodoptera frugiperda (Sf9) insect cell-expression system and 

matrix-M1 adjuvant. NVX-CoV2373 contains purified protein antigen and 

cannot replicate, nor can it cause COVID-19. 

§ Phase 1-2 placebo controlled randomized trial5: 

o At 35 days, NVX-CoV2373 appeared to be safe, and it elicited immune 

responses that exceeded levels in Covid-19 convalescent serum. The 

Matrix-M1 adjuvant induced CD4+ T-cell responses that were biased 

toward a Th1 phenotype. 

§ The vaccine will only require refrigeration for storage. 
 

Nucleic acid-based COVID-19 vaccines  
mRNA-based vaccine platforms have recently emerged as a promising tool in 
vaccine development. The antigen-encoding mRNA complexed with a carrier, such 
as lipid nanoparticles, can be efficiently delivered in vivo into the cytoplasm of host 
cells for protein translation and post-translational modifications.5 mRNA vaccines are 
non-infectious and are synthesized by in vitro transcription, free of microbial 
molecules. These beneficial features differentiate mRNA vaccines from live 
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attenuated viral vaccines, inactivated viral vaccines, subunit vaccines and 
recombinant viral-vectored vaccines in terms of safety, efficacy and issues of anti-
vector immunity, enabling their rapid and inexpensive production and repeated 
vaccination.6   
DNA-based vaccines are based on plasmids that can be amplified at a large scale in 
bacteria and expressed in eukaryotic cells. The DNA vaccine plasmids for SARS-
CoV-2 encode for the spike protein7 and are currently under investigation. 
 
 
BNT162b2 vaccine (Pfizer and BioNTech) 
 
§ Structure:  

o a lipid nanoparticle–formulated, nucleoside-modified RNA (modRNA) 

vaccine encoding the SARS-CoV-2 full-length spike, modified by two 

proline mutations to lock it in the prefusion conformation.  

§ Phase 1 clinical trial (US, Germany): 

o two 30-μg doses of BNT162b2 elicited high SARS-CoV-2 neutralizing 

antibody titers and robust antigen-specific CD8+ and Th1-type CD4+ T-

cell responses among healthy men and women. (ref: Sahin U, Muik A, 

Derhovanessian E, et al. BNT162b2 elicits SARS-CoV-2 neutralising 

antibodies and TH1 T cells in humans. preprint) The 50% neutralizing 

geometric mean titers elicited by 30 μg of BNT162b2 in older and 

younger adults exceeded the geometric mean titer measured in a 

human convalescent serum panel, despite a lower neutralizing 

response in older adults than in younger adults.  

o good safety profile 

§ Phase 3 clinical trial   

o n=43,000 adults  

o two-dose regimen of BNT162b2 (30 μg per dose, given 21 days apart) 

was found to be safe and 95% effective against Covid-19 across age, 

gender, and ethnicities.8 The vaccine met both primary efficacy end 

points, with more than a 99.99% probability of a true vaccine efficacy 

greater than 30%.  

o safety profile: no serious adverse effects. Only fatigue and headache 

were reported in 3.8 and 2% of the participants, respectively. 
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o These results met the prespecified success criteria, which were to 

establish a probability above 98.6% of true vaccine efficacy being 

greater than 30%, and greatly exceeded the minimum FDA criteria for 

authorization. (https://www.fda.gov/media/142749/download).  

§ This is the first SARS-CoV-2 vaccine granted an emergency use 
authorization by the FDA on December 11, 2020. 

§ The vaccine needs to be stored at low temperature (-60 to − 80 ◦C), which 

may limit its diffusion in remote areas.  

 
mRNA-1273 vaccine (Moderna) 
 
§ Structure: 

o messenger RNA vaccine, mRNA-1273, which encoding SARS-CoV-2 

prefusion-stabilized spike protein encapsulated in lipid nanoparticles. 
§ Phase 1 open-label clinical trial9 

o two injections of the vaccine, spaced 28 days apart, resulted in humoral 

and cellular (primarilyCD4+ T cell response) response in participants 

between the ages of 18 and 55 years, similar to those elicited by 

convalescent serum obtained from patients who had recovered from 

Covid-19 infection.  
o a well- tolerated safety profile and dose-dependent mild-to-moderate 

adverse events after the second immunization.  

o mice and rhesus macaques that were given mRNA-1273 and were 

subsequently challenged with high-dose intranasal SARS-CoV-2 rapidly 

cleared the virus from the upper and lower airways. (ref: PMID: 32722908) 

§ Phase 3 clinical trial (US) 

o n=30,000 adults 
o randomized, 1:1 placebo-controlled study testing mRNA-1273 at the 100 

µg dose level 
o interim (!) unpublished results (based on the company press release): 

94.5% vaccine efficacy based on the analysis of 95 cases, of which 90 
cases, including 11 severe cases, were in the placebo group and 5 in the 
vaccine group with no severe case observed. 

o safety:  most adverse events were mild to moderate and were generally 
short-lived. 
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o Moderna initiated a rolling submission to the European Medicines Agency 
and application to the FDA for emergency use authorization.  

o The mRNA-1273 vaccine can be kept refrigerated for 30 days or frozen    
(-15 to − 25 ◦C) for long term storage. 

 
Viral vector vaccines 
Viral replicating and non-replicating induce robust immune responses and can 

increase both humoral and cellular immunity.10 The replicating vector vaccines infect 

cells that produce the antigen and more viral vectors that will infect more cells. 

These replicating vectors are usually derived from attenuated viruses or strains of 

viruses developed for vaccination and shuttle a gene expressing a viral protein, 

commonly the viral spike protein. Vesicular stomatitis virus (VSV) vector-based 

vaccines are well studied, particularly VSVDG-ZEBOV-GP, a vaccine against Ebola 

virus that was tested in clinical trials with 20,000 participants11 and licensed by the 

FDA in 2019. VSV vectors have low viral pathogenicity and rarely have pre-existing 

anti-vector immunity in humans. Most of the replicating viral vectors are in the early 

phase of development.12  

 

Recombinant VSV-ΔG-spike vaccine (Brilife/Israel) 

§ Structure 

o a replication competent recombinant VSV-ΔG-spike vaccine, in which the 

glycoprotein of VSV was replaced by the spike protein of the SARS-CoV-

2. In vitro characterization of the recombinant VSV-ΔG-spike indicated 

expression and presentation of the spike protein on the viral membrane 

with antigenic similarity to SARS-CoV-2.  

§ In vivo model/ a golden Syrian hamster in vivo model for COVID-19/non-peer 

reviewed publication13: 

o vaccination of hamsters with recombinant VSV-ΔG-spike results in rapid 

and potent induction of neutralizing antibodies against SARS-CoV-2. A 

single-dose vaccination was able to protect hamsters against SARS-CoV-

2 challenge, as demonstrated by the abrogation of body weight loss of the 

immunized hamsters compared to unvaccinated hamsters. Whereas lungs 

of infected hamsters displayed extensive tissue damage and high viral 

titers, immunized hamsters’ lungs showed only minor lung pathology, and 
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no viral load. Recombinant VSV-ΔG-spike represents a safe, efficacious 

and protective vaccine against SARS-CoV-2 infection.13 

§ Clinical trial of the recombinant VSV-ΔG-spike vaccine is undertaken in Israel. 

 

The non-replicating viral vectors account 4 vaccines (recombinant adenovirus type-

5-vectored COVID-19 vaccine (Ad5-nCoV) by CanSino Biological Inc; Gam-COVID-

Vac by the Gamaleya Research Institute; recombinant adenovirus (Ad26) by 

Janssen Pharmaceutica; the ChAdOx1 nCoV-19 vaccine (AZD1222) by University of 

Oxford and AstraZeneca) currently in phase III clinical trials. These vectors are 

mostly based on recombinant human or simian adenovirus vectors. However, they 

can also use platforms based on the adeno-associated virus, parainfluenza virus, 

alphavirus, herpesvirus, and poxviruses. The recombinant viral vectors are 

replication-deficient and produced the antigen in infected cells. All non-replicating 

viral vectors in phase III clinical trials are carriers of a gene coding for the viral spike 

protein.14 

ChAdOx1 nCoV-19 vaccine (AZD1222) Oxford–AstraZeneca 

§ Structure: 

o a replication-deficient chimpanzee adenoviral vector ChAdOx1, 

containing the SARS-CoV-2 structural surface glycoprotein antigen 

(spike protein; nCoV-19) gene. 

§ Phase 115 and 216 clinical trials/UK: 

o Phase 1: 1077 healthy adults aged 18-55 years 

o Phase 2: included adults ≥56 years 

o Both trials had an acceptable safety profile for the vaccine with 

induction of binding and neutralizing antibodies as well as generation of 

interferon-γ enzyme-linked immunospot responses, with higher 

antibody titers after a second dose of vaccine. ChAdOx1 nCoV-19 

appeared to be better tolerated in older adults than in younger adults 

and has similar immunogenicity across all age groups after a boost 

dose.16 

§ Four ongoing blinded, randomized, controlled trials (UK, Brazil,  and  South  

Africa):17 
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o Random assignment  (1:1)  to  ChAdOx1  nCoV-19  vaccine or control 

(meningococcal group A, C, W, and Y conjugate vaccine or saline). 

Participants in the ChAdOx1 nCoV-19 group received two doses 

containing 5 × 10¹⁰ viral particles (standard dose; SD/SD cohort); a 

subset in the UK trial received a half dose as their first dose (low dose) 

and a standard dose as their second dose (LD/SD cohort). 

o Pooled interim analysis of 4 trials (n=11,636)17: 

o significant   vaccine   efficacy   of   70.4%   after   two doses and  

protection  of  64.1%  after  at  least  one  standard  dose,  against  

symptomatic  disease 

o UK cohort/a low dose of vaccine had a particular high efficacy of 

90.0%. The observed differences in efficacy by dose were not 

consistent with results from previous immunogenicity trials of this 

vaccine, which were similar for participants receiving two low doses 

and two standard doses; no immunogenicity data exist for the mixed-

dose regimen. Thus, the results of these trials is under further 

investigation required by the regulatory authorities. 

o safety: 74,341 person-months (median  3·4  months) follow up with an  

acceptable  safety. 

   

Gam-COVID-Vac (Sputnik V) 

§ Structure: 

o recombinant adenovirus vector. The vaccine comprises two vector 

components, recombinant adenovirus type 26 (rAd26) and recombinant 

adenovirus type 5 (rAd5), both of which carry the gene for SARS-CoV-

2 full-length glycoprotein S (rAd26-S and rAd5-S).  

o A full dose of the vaccine was 1011 viral particles per dose for both 

recombinant adenoviruses and all participants received full doses. The 

dose was set based on findings of preclinical studies (unpublished 

data).  
 

§ Two open, phase 1/2 non-randomized studies at hospitals in Russia. 

o n=120 healthy adult volunteers (aged 18–60 years) in each study 
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o strong humoral and cellular immune responses in 100% of healthy 

participants.  

o good safety: all reported adverse events were mostly mild.  

 

§ Criticism: granted use by the Russian government on Aug 11,2020 without 

conducting phase III clinical trials, thus questioning the safety and efficacy of the 

vaccine. 

Open questions: 

- Do vaccines prevent any disease contraction (such as asymptomatic disease) or 

severe disease phenotype only? 

- Vaccine’s safety in special populations and immunosuppressed patients 

- Duration of humoral/cellular response to vaccination 

- Long-term safety of vaccination is unknown 

- Vaccination of COVID-19 convalescent individuals 
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Ref: T. Ura, A. Yamashita, N. Mizuki et al., New vaccine production platforms used in developing 
SARS-CoV-2 vaccine candidates, Vaccine, https://doi.org/10.1016/j.vaccine.2020.11.054 
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