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ABSTRACT
The severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) 
continues to spread globally. As SARS-CoV-2 has transmitted from 
person to person, variant viruses have emerged with elevated 
transmission rates and higher risk of infection for vaccinees. We 
present data showing that the Novavax® recombinant prefusion-
stabilized Spike (rS) protein based on the B.1.351 sequence (rS-
B.1.351) was highly immunogenic in mice and produced neutralizing 
antibodies against SARS-CoV-2/WA1, B.1.1.7, and B.1.351. Mice 
vaccinated with the Novavax® prototype vaccine NVX-CoV2373 (rS-
WU1) or rS-B.1.351 alone, in combination, or as a heterologous prime 
boost, were protected when challenged with live SARS-CoV-2/B.1.1.7 
or SARS-CoV-2/B.1.351. Virus titer was reduced to undetectable levels 
in the lungs post-challenge in all vaccinated mice, and Th1-skewed 
cellular responses were observed. A strong anamnestic response was 
demonstrated in baboons boosted with rS-B.1.351 approximately one 
year after immunization with NVX-CoV2373 (rS-WU1). An rS-B.1.351 
vaccine alone or in combination with prototype rS-WU1 induced 
protective antibody- and cell-mediated responses that were protective 
against challenge with SARS-CoV-2 variant viruses.

INTRODUCTION
The Novavax® adjuvanted protein subunit vaccine, NVX-CoV2373, was 
recently recommended for Emergency Use Authorization by an 
independent FDA vaccine advisory committee. The antigen component 
of the Novavax® prototype vaccine is based on the Spike glycoprotein 
from the SARS-CoV-2/Wuhan1 sequence (now the B.2 lineage; 
MN908947.3) with mutations: (1) 682-RRAR-685 in the furin cleavage 
site was mutated to QQAQ to resist proteolytic cleavage (“3Q” 
mutation); and (2) K986P and V987P were introduced to increase 
stability (“2P” mutations). The Spike ORF was cloned into recombinant 
baculovirus and expressed in Sf9 insect cells.

Linear diagram of the full-length SARS-CoV-2 spike protein based on the 
Beta (B.1.351) variant. Common mutations among variant vaccines are 
listed in red.

Negative stain transmission electron microscopy and 2D class averaging of 
rS-Beta. 2D images of rS-Beta showed well-defined lightbulb-shaped 
particles with a length of 15nm and a width of 11nm.

Since the deveopment of the Novavax® prototype vaccine, SARS-
CoV-2 variants of concern have emerged  with mutations that have 
the ability to partially dodge prior vaccine- or infection-induced 
immunity. In response, Novavax® developed a variant-directed  
vaccine against the first variant of concern to show a significant 
drop in effective neutralizing antbody titers (Beta, B.1.351) as 
compared to the ancestral strain (WU-1).  In this study, we test the 
efficacy of this Beta-directed vaccine alone or in combination (i.e., 
heterologous boost, bivalent) with the prototype vaccine in a 
COVID-19 mouse model. Additionally, we assessed neutralizing 
antibody responses in mice vaccinated with a panel of variant-
directed vaccines against mutliple variants of concern to assess 
neutralization bredth. Finally, we boosted a cohort of baboons using 
the Novavax® Beta-directed vaccine appoximately 1 year following 
vaccination with the Novavax® prototype vaccine to assess 
neutralizing antibody titers against SARS-CoV-2 variants of concern.

A SARS-CoV-2
Beta (B.1.351)-directed
protein subunit booster

broadens
a neutralizing antibody

response to 
variants of concern

RESULTS 
Balb/c laboratory mice (5 
groups, n = 10/group) were 
immunized with either rS-
WU1 or rS-Beta as both 
prime and boost, as a 
heterologous prime/boost, 
as a bivalent formulation 
for the prime and boost, or 
sham vaccinated. 

Serum samples were collected at study day 32 for neutralizing antibody 
determination. All mice were challenged with SARS-CoV-2 (Beta, 
B.1.351) on study day 46 and weight measurements were collected 
daily. 5 mice for each group were sacrificed at 2 or 4 days post-infection 
(study day 48 or 50) for lung viral titer determination by avicel plaque 
assay.

SARS-CoV-2 neutralization antibody titers in sera collected on Day 32 as 
determined by microneutralization assay (neut99).

Mean percentage body weight loss 
shown as days post SARS-CoV-2 
(Beta) challenge.

SARS-CoV-2 (Beta) titers in lungs by 
plaque assay shown as days post 
SARS-CoV-2 (Beta) challenge.

RESULTS
Balb/c laboratory mice were vaccinated with 
nanoparticles decorated with recombinant spike 
from Wuhan-1 (prototype), B.1.1.7 (Alpha), 
B.1.351 (Beta), P.1 (Gamma), B.1.617.2 (Delta) 
or AY.4.1 (Delta Plus), all Matrix-MTM adjuvanted. 
Serum was collected 7 days post-boost (day 21) 
and neutralizing antibody titers against variants 
of concern determined were measured (neut99).

Neutralizing antibody titers against SARS-CoV-2 variants of concern as 
measured by microneutralization assay (Neut99) for mice vaccinated with 
variant recombinant spike (rS). Serum tested was collected on study day 21.

RESULTS
Baboons (n=9) primed and 
boosted with rS-WU1 (either 1 µg, 
5 µg, or 25 µg rS with 50 µg Matrix-
MTM adjuvant or unadjuvanted 25 
µg rS). Approximately one year 
later, all animals were boosted 
with 3 µg rS-Beta (B.1.351) with 50 
µg Matrix-MTM adjuvant. 

Serum samples were collected just prior to (study week 43) and 35 days 
following (study week 50) an rS-beta boost and assessed for 
neutralizing antibody titers against SARS-CoV-2 variants of concern.

Neutralizing antibody titers against variants of concern from baboon sera 
boosted against SARS-CoV-2 (Beta) by Plaque Reduction Neutralization 
Assay (PRNT). 

CONCLUSIONS
We find that there is broad cross-neutralization antibody 
response against variants of concern when a WU1/Beta 
combination vaccine regimen is used. Additionally, our 
baboon results suggest that one dose of a Novavax® 
beta-variant-directed vaccine may be sufficient for 
boosting regimens after previous immunization with a 
COVID-19 vaccine based on ancestral spike strains. 
This demonstrates the high level of protective effects, 
via neutralizing antibody levels, that heterologous 
adjuvanted protein based vaccines can have for current 
variants as well as those yet to emerge.
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