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Vaccine design. a, SARS-CoV-2 Spike (S1/2, S0 or S1) antigens were inserted into the E/NS1 intergenic region as translational fusion 
within the YF17D polyprotein (dark grey) inserted in the ER (endoplasmic reticulum; pale blue). 
To cope with topological constraints of the fold of both SARS-CoV-2 Spike antigens and the polyprotein of the YF17D vector, one 
extra transmembrane domain (derived from the West Nile virus E-protein; light grey) was added to the C-terminal cytoplasmic 
domain of the full-length S proteins (S1/2 and S0). 
Likewise, two transmembrane domains were fused to the ER-resident C-terminus of the S1 subunit in construct YF-S1.
Scissors indicate proposed maturation cleavage sites, including the S1/2 furin-cleavage site mutated in YF-S0. 
b, Representative pictures of plaque phenotypes from YF17D and different YF-S vaccine constructs on BHK-21 cells
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Fig. 3 | Immunogenicity and protective efficacy in cynomolgus macaques.
Twelve cynomolgus macaques (Macaca fascicularis) were immunized twice at day 0 and 7 s.c. with 105 PFU of YF-S0 (n=6) or matched 
placebo (n=6). On day 21 post-vaccination, all NHP were challenged with 1.5x104 TCID50 SARS-CoV-2. 
a, nAbs on indicated days after first vaccination. Data are medians ± IQR. 
b, Virus RNA loads in throat swaps at indicated time points quantified by RT-qPCR.

Different symbols (squares, triangle, diamond) indicate values for individual animals followed over time with virus RNA loads above LLOQ. 
Histological examination of the lungs (day 21 post challenge) revealed no evidence of any SARS-CoV-2-induced pathology in either YF-S0 or 
placebo vaccinated animals.
Two-tailed uncorrected Kruskal-Wallis test was applied (ns = Not-Significant).
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Single shot vaccination in hamsters. Three groups of hamsters were vaccinated once i.p. with sham (white) or YF-S0 at two different 
doses; 103 PFU (low, green circles) and 104 PFU (high, green triangles) of YF-S0 at 21 days prior to challenge. 
A fourth group was vaccinated with the high 104 PFU dose of YF-S0 at 10 days prior to challenge (green squares). Data are from n=8 
animals per group from a single experiment; 
a-b, (a) nAbs (neutralizing) (b) bAbs (binding) (n=3; sera from two to three animals were pooled) prior to challenge. 
c-d, Viral loads in lungs four days after infection quantified by RT-qPCR (c) and virus titration (d).
e, Spider-web plot showing histopathological score for lung damage normalized to sham (white circles).
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Day 0

Day 28

Day 49

Sera of mice vaccinated on days 0 and 28 with P and H SARS-CoV-2 S measles constructs or Alum-adjuvanted S.
Antibodies were followed up on days 0, 28 and 49 by ELISA or Virus Neutralization Titer (VNT) against SARS-CoV-2 and Measles Vector (MeV) 
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Vaccine efficacy in Syrian hamster challenge models.
Twice immunized Syrian golden hamsters were intranasally 
challenged with SARS-CoV-2 and protection was analyzed by 
(A) quantifying weight loss, 
(B) live virus titration in lungs or nasal turbinates
(C) SARS-2 E gene copy numbers via qRT-PCR (C and E).
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Rabies virus-based COVID-19 vaccine CORAVAX™ induces neutralizing antibodies
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Characterization of the CORAVAX vaccine. 
a Schematic illustration of CORAVAX, the rabies virus-based SARS-CoV-2 
vaccine construct used in this study. 
A SARS-CoV-2 S1 RABV G chimeric protein cDNA was inserted between 
the N and P genes of the SAD-B19-derived RABV vector BNSP333

Characterization of the CORAVAX vaccine. 
b Immunofluorescence staining of Vero cells at 48 h post-infection labeled 
for either the RABV G protein (green) or the SARS-CoV-2 S1 (red).
Scale bar represents 30 μm
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Analysis of the immune response to CORAVAX in mice. 
Balb/C mice were immunized once with live CORAVAX or twice (days 0 and 21) with 10 μg
chemically inactivated particles of CORAVAX with or without adjuvant. 
Serum was collected from each mouse at days 14, 21, 28,42, and 56 for analysis by a 
SARS-CoV-2 S-specific ELISA. 
a Immunization schedule:    live CORAVAX used once on day 0; 

the inactivated vaccines were dosed on days 0 and 21
b SARS CoV-2 S1 IgG responses represented as EC50 titers 
d SARS CoV-2 S1 IgG2/1 isotype ratio. Two animals in the inactivated CORAVAX group did 
not make detectable IgG1 antibodies.
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Sera from CORAVAX vaccinated mice neutralize SARS-CoV-2.

Neutralization assays analyzed pooled sera from immunized 
mice against SARS-CoV-2 on Vero cells. 

The dilution at which SARS-CoV-2 infection was no longer 
detected by immunostaining against SARS-CoV-2 is shown as an 
average for two independent experiments (Table 1, panel A).
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Vaccine efficacy in Syrian hamster challenge models. 
Fully immunized Syrian golden hamsters (A–D) were
intranasally challenged with SARS-CoV-2 and protection 
was analyzed by quantifying weight loss (A), live virus 
titration in lungs or nasal turbinates (B), or SARS-2 E gene 
copy numbers via qRT-PCR (C and E).
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saRNA vectors based on alphavirus. 

The saRNA vector is a positive strand RNA containing the genes coding for viral 
replicase (Rep) and the gene of interest (GOI) after subgenomic promoter (sgPr). 
Upon entry of saRNA into cells (i) Rep can be translated, being able to use 
saRNA as template to make a complementary negative saRNA (-saRNA) strand 
(ii). Rep can also use this negative RNA as template to make more saRNA
(+saRNA), allowing its self-amplification (iii). In addition, Rep can recognize the 
sgPr in the negative strand from which a subgenomic mRNA (+sgRNA) of 
positive polarity is synthesized (iv). sgRNA can be translated to produce the 
desired antigen at very high levels, which will be secreted if having an 
appropriate signal peptide (v). Both +saRNA and +sgRNA contain a cap at the 5 
end and are polyadenilated (not shown) 
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Methodologies for in vivo delivery of saRNA. These include (from left to right) direct injection of naked saRNA formulated in buffer, electroporation, 
or the use of complexes based on cationic lipids or polymers. In this last case a representative lipid nanoparticle (LNP) containing saRNA inside, a 
cationic nanoemulsion (CNE) having saRNA outside and a nanoparticle in which saRNA is complexed with polyethylenimine (PEI nanoparticle) are 
represented. The most common components present in these particles are indicated below. 
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A) Pigtail macaques were vaccinated with 250 µg (n = 
3) or with 50 µg (n = 2) of LION/repRNA-CoV2S via 
the intramuscular route.  The 50-µg-dose group 
received a boost vaccination on day 28, 

B) Anti-S IgG. ELISAs were performed on the post-
immunization serum samples. 

C) Pseudovirus (SARSCoV-2 Wuhan-Hu-1pseudotype) 
neutralization assays were performed on serum 
samples collected on days 14, 28, and 42 to 
determine mean IC50 of each sample.

D) 80% plaque reduction neutralizing antibody titers 
(PRNT80) against the SARS-CoV2/WA/2020 isolate 
were measured at days 28 and 42 alongside seven 
human convalescent serum samples collected 
from confirmed patients with COVID-19

Erasmus et al., Sci. Transl. Med. 12, 5 August 2020



A Single Dose of Self-Transcribing and Replicating RNA Based SARS-CoV-2 Vaccine 
Produces Protective Adaptive Immunity In Mice 

23/12/2020 20
de Alwis bioRxiv Sept 2020

hACE2 transgenic mice were immunized with a single dose of 809 either PBS or 2 μg or 10 μg of LUNAR-COV19 (n=5 per group), 
then challenged with live 810 SARS-CoV-2 at 30 days post-vaccination, and assessed for either survival (with daily 811 weights 
and clinical scores) or sacrificed at day 5 post-challenge and measured lung and 812 brain tissue viral loads 
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RBD and HR nanoparticle vaccines induce potent neutralizing antibody responses better than monomer RBD/HR
Nanoparticle prime-boost vaccines protect against SARS-CoV-2 infection in hACE2 mice

Xiancai Ma Immunity 15 Dec 2020 
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