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Vaccine booster efficiently inhibits entry of SARS-CoV-2
omicron variant
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The newly emerged omicron strain of SARS-CoV-2 is spreading fast
globally, replacing the previously dominant delta strain in many
parts of the world [1]. Compared to the early prototypic strains,
the delta strain evades the human immune system more easily,
causing many breakthrough infections in vaccinated people [2]. It
is imperative to understand in a timely fashion whether the
omicron strain escapes immune surveillances. The information will
be critical for public health measures. The virus-surface spike
protein mediates SARS-CoV-2 entry into host cells and induces
most of the host immune responses [3]. The spike protein is also
the basis of many COVID-19 vaccines [4]. Particularly, two widely
used mRNA vaccines, from Pfizer and Moderna respectively,
encode the SARS-CoV-2 spike protein ectodomain. In this study,
we investigated how efficiently the omicron spike protein escapes
the immune responses from mRNA spike vaccines, using the
prototypic strain and delta strain as comparisons.
To investigate the efficiency of the omicron spike in escaping

immune responses, we performed pseudovirus assays in the
presence of vaccinated sera. Plasma was collected from
adult participants at Hennepin Healthcare, Minneapolis, MN at
19–34 days after primary vaccination series and 6–69 days after
booster dose. The Institutional Review Board of Hennepin
Healthcare Research Institute reviewed and approved the
protocols associated with this study. Written informed consent
was obtained from all participants. We packaged SARS-CoV-2
pseudoviruses using the omicron spike and used them to enter
HEK293T cells stably expressing human ACE2 [5]. As compar-
isons, we also packaged two other SARS-CoV-2 pseudoviruses
using the spikes from a prototypic strain and delta strain,
respectively. Sera from two groups of vaccinated people were
collected: (i) ten people who had received two doses of the
Pfizer mRNA spike vaccine; (ii) ten people who had received
three doses of the same vaccine. Serially diluted sera from each
vaccinated person were added to the pseudovirus assay and
inhibition index NT50 was calculated for sera from each person.
The result showed that omicron pseudoviruses were inhibited
inefficiently by doubly vaccinated sera: ~4 times less efficiently
compared to the delta strain and ~8 times less efficiently
compared to the prototypic strain (Fig. 1). Moreover, omicron
pseudoviruses were inhibited ~10 times more efficiently by
triply vaccinated sera than by doubly vaccinated sera. Thus,

whereas the omicron spike demonstrates enhanced immune
escape, booster vaccinations are useful in protection against
omicron spike-mediated viral entry.
Our study provides timely characterization of the immune

escape of the omicron spike from vaccinated sera. The enhanced
immune escape of the omicron spike protein is consistent with
reports that compared to the previous strains, the omicron strain
spreads more easily in human populations including vaccinated
people [1]. Moreover, the booster vaccines induce more effective
immune responses against the omicron spike than two-dose
vaccination, supporting the Center for Disease Control (CDC)’s
recommendation for booster vaccination [6].

Fig. 1 Inhibition of omicron pseudoviruses by vaccinated sera.
Sera were collected from two groups of vaccinated people. In one of
the groups, ten people received two doses of the Pfizer mRNA spike
vaccine. In the other group, ten people received three doses of the
same vaccine. SARS-CoV-2 pseudoviruses were used to infect
HEK293T cells stably expressing human ACE2 in the presence of
serially diluted sera. NT50 values (neutralization titer that inhibits
pseudovirus entry by 50%) were calculated for sera from each
person. All the measurements were carried out in triplicates. The
values are presented as mean plus standard error of the mean (SEM).
A Student’s two-tailed t test was performed to analyze the statistical
differences among the noted groups. ***P < 0.001; **P < 0.01. The
experiments were repeated three times with similar results.
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