
 

Trivalent vaccine candidate fights measles,
mumps, SARS-CoV-2

October 2 2023, by Emily Caldwell

  
 

  

Recovery and characterization of VSV expressing SARS-CoV-2 S proteins. (A)
Strategy for insertion of native full-length S, preS-2P, and preS-HexaPro of
SARS-CoV-2 to VSV genome. The codon optimized full-length S, preS-2P, and
preS-HexaPro were inserted into the gene junction between G and L in the
genome of the VSV Indiana strain. The domain structure of S protein is shown:
SP, signal peptide; RBD, receptor-binding domain; RBM, receptor-binding
motif; FP, fusion peptide; HR, heptad repeat; TM, transmembrane domain; CT,
cytoplasmic tail. The organization of negative-sense VSV genome is shown. (B)
The plaque morphology of rVSV expressing SARS-CoV-2 S proteins. The
plaques were developed after 24 h of incubation in Vero CCL-81 cells. (C) A
single-step growth curve in BSRT7 cells at a multiplicity of infection (MOI) of
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1.0. Data are geometric mean titers (GMT) ± SD from n = 3 independent
experiments. (D and E) Analysis of S protein expression by Western blot.
BSRT7 cells were infected with each virus at an MOI of 1.0. At 15- or 30-h
postinfection, cells were lysed in 200 μL of lysis buffer, and 10 μL of lysate or
supernatant (from a total of 1.0 mL) was analyzed by SDS-PAGE and blotted
with anti-SARS-CoV-2 RBD (D) or S (E) protein antibody. Western blots shown
are the representatives of three independent experiments. Credit: Proceedings of
the National Academy of Sciences (2022). DOI: 10.1073/pnas.2110105119

Altered measles and mumps viruses could be used as a platform to create
a trivalent COVID-19 vaccine that triggers immunity to multiple variant
strains of the SARS-CoV-2 virus, new research in animals suggests.

The study builds upon previous studies that involved inserting a highly
stable segment of the coronavirus spike protein into the measles vaccine
or mumps vaccine.

In a paper publishing this week in Proceedings of the National Academy
of Sciences, scientists at The Ohio State University report on a new MMS
vaccine candidate—for Measles, Mumps and SARS-CoV-2—delivered
via the nose that provides broad and long-lasting protection against
COVID-19 infection.

In two rodent models, the intranasal vaccine triggered a strong
neutralizing antibody response plus protection in mucosal areas lining the
nose and lungs, and prevented disease symptoms such as weight loss and 
tissue damage.

Experiments suggested the lifelong immunity to measles and mumps
provided by the measles-mumps-rubella (MMR) vaccine would likely
translate into prolonged protection against COVID-19 in people
vaccinated with the MMS. In hamsters, antibodies against SARS-CoV-2
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induced by the MMS vaccine lasted at least four months without any sign
of decline.

The trivalent vaccine developed in this study protected against the
ancestral SARS-CoV-2 virus and two variants: delta, which was
associated with more severe disease, and omicron BA.1, which spread
much faster.

"The beauty here is we already know the MMR is used in children, so
we're building on a 50-year safety record," said Jianrong Li, senior
author of the study and a professor of virology in Ohio State's
Department of Veterinary Biosciences and Infectious Diseases Institute.
"We inserted three different spikes that allow broad neutralizing
antibodies to protect against the different variants of concern of SARS-
CoV-2. It's quite promising, and would be a fantastic new type of
vaccine to prevent COVID-19."

In addition to the promising platform and the bonus mucosal protection
that comes with intranasal delivery, the technique used to create the
coronavirus antigens that stimulate immunity contributes to the vaccine
candidate's effectiveness, Li said.

Researchers used a prefusion version of each variant's spike
protein—the shape it is in on the viral surface before the virus infects a
cell. The protein, called preS-6P, was locked into this form by changing
six of its amino acids to prolines. In a previous study published in PNAS,
Li's lab found that preS-6P is much more effective in inducing immune
responses than preS-2P, a spike locked by two prolines. Currently, all
FDA-approved COVID-19 vaccines use the preS-2P.

"The efficacy and longevity of COVID-19 vaccines will be much higher
if preS-6P is used," Li said.
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Using one measles strain and two mumps strains, the team inserted the
antigens in the same location in each platform virus's genome to enable
expression of the optimal amount of spike protein and robust replication
of the platform viruses—both actions needed to trigger a strong immune
response.

Tests in mice used to model an immune response showed intranasal
delivery of the MMS vaccine generated neutralizing antibodies in the
bloodstream against the three variants as well as specialized antibodies
called IgA on mucosal surfaces of the airways and tissue-resident T cells
in lungs that help boost clearance of viral particles.

"These are two main advantages of intranasal vaccines: generating IgA in
the nose and lung to prevent the virus from traveling to other organs or
the blood, and producing tissue-resident T cells in the lung to rapidly
mount an effective immune response to previously encountered
pathogens, in this case SARS-CoV-2," Li said. "The mRNA vaccines
injected intramuscularly primarily generate antibodies in the
bloodstream, but do not produce these types of added protection for the
lungs."

Experiments comparing the trivalent vaccine candidate to a vaccine
against a single omicron variant showed the single-variant version was
not able to produce antibodies that neutralize other coronavirus strains.

"With the insertion of the three spike proteins, the MMS produces
antibodies that neutralize other strains—that supports the concept of
using a trivalent vaccine to produce broader immunity against different
strains," said co-first author Jiayu Xu, a graduate student in Li's lab.

Immunization of golden Syrian hamsters with the trivalent vaccine
produced similarly high levels of neutralizing antibodies as in the mice.
When the hamsters were infected with the parental, delta and omicron
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strains of the virus, multiple measures compared to controls showed they
were protected from getting sick: a lack of clinical symptoms, only
minor changes to tissue in the airways and undetectable levels of viral
particles present in the lungs.

"The MMS platform is also readily and rapidly adaptable to new variants
such as XBB.1.16 and EG.5, which are currently circulating in the 
human population," said co-first author Yuexiu Zhang, a graduate
student in Li's lab.

Li said there are additional options to consider, including adding rubella
back into the platform, and potentially, inserting more than three
prefusion spike proteins or other coronavirus proteins into the vaccine to
further broaden protective immunity.

"We envision incorporating it into a routine immunization program for
children and to provide long-term immunity against COVID-19 for
adults," he said.

  More information: Jiayu Xu et al, A next-generation intranasal
trivalent MMS vaccine induces durable and broad protection against
SARS-CoV-2 variants of concern, Proceedings of the National Academy
of Sciences (2023). DOI: 10.1073/pnas.2220403120. 
doi.org/10.1073/pnas.2220403120
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