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LETTER

An omicron-based vaccine booster elicits potent neutralizing antibodies
against emerging SARS-CoV-2 variants in adults
Tao Lia*, Deyan Luoa*, Nianzhi Ninga*, Xin Wangb*, Liangyan Zhanga*, Xiaolan Yanga, Deyu Lia, Yakun Suna,
Wenjing Yua, Wenjin Weib and Hui Wanga

aState Key Laboratory of Pathogen and Biosecurity, Beijing Institute of Microbiology and Epidemiology, Beijing, People’s Republic of
China; bZHONGYIANKE Biotech Co. LTD, Tianjin, People’s Republic of China

ABSTRACT
SARS-CoV-2 Omicron subvariants have become the predominantly strain in most countries. However, the neutralizing
activity of the human serum after Omicron-based vaccine booster against different SARS-CoV-2 variants is poorly
understood. Here, we developed an update Omicron vaccine (SCoK-Omicron), based on the RBD-Fc fusion protein
vaccine (SCoK) and RBD domain of Omicron BA.1. To assess cross-variant neutralizing activity in adults, 25 volunteers
that have received three doses of SCoK and 25 volunteers with two doses of CoronaVac (inactive vaccine) were
further boosted with a dose updated vaccine (SCoK-Omicron). The results of pseudovirus neutralization assays
demonstrated that the booster potently induced the high-level of neutralizing antibody against SARS-CoV-2 Wild
type, Delta and Omicron subvariants in adults. Further assays of single point mutations showed that K444T, L452R,
N460K, or F486V was key mutations to cause immune evasion. Together, these data suggest that SCOK-Omicron can
be used as a booster vaccine candidate in adults receiving subunit protein or inactivated vaccine in response to the
epidemic of COVID-19 Omicron subvariants, and the mutation K444T, L452R, N460K, or F486V needs to be
considered in future vaccine design.
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SARS-CoV-2 Omicron has spread all over the world
and become the predominant strain in most countries.
This variant carries more than 15 mutations in the
receptor-binding domain (RBD) (Figure S1). Many
of these mutations, such as K417Y, G446S, E484A,
and Q493R, have been reported to impair neutralizing
antibodies [1]. Several studies regarding omicron-
based vaccine booster have been published [2–4],
but most of studies used animal models. The neutra-
lizing activity of the human serum against different
SARS-CoV-2 variants after the Omicron-based vac-
cine booster is poorly understood.

In the early stages of the pandemic, we designed an
RBD-Fc fusion protein vaccine (SCoK) [5], which
underwent Phase I/II clinical trials [6]. To meet the
challenge of Omicron variants, we developed an
updated vaccine, containing RBD of Omicron BA.1
(SCoK-Omicron), which could significantly increase
neutralization against SARS-CoV-2 Omicron subvar-
iants in mouse and macaque models [7]. To assess

cross-variant neutralizing activity in adults, 25 volun-
teers that had received three doses of SCoK and 25 vol-
unteers with two doses of CoronaVac (inactive
vaccine, Sinovac biotech.) were further boosted with
a dose of the updated vaccine (SCoK-Omicron). In
addition, as a control, 25 volunteers with three doses
of SCoK were boosted with a dose of primary vaccine
(SCoK). The detailed vaccination time and other
information were shown in Table S1. The volunteers
among the three vaccination groups were with
balanced sex and age distribution. The sera were col-
lected before and 14 days after booster immunization.
To evaluate the immunogenicity of this variant vac-
cine, the IgG antibody titers were detected, which
were significantly increased (more than 15-fold) com-
pared with those before booster immunization both
with RBD–Wild type and with RBD-Omicron BA.1
as antigen (Figure S2, P < 0.001). Then, we performed
pseudovirus neutralization assays against the sera
obtained from the three booster-immunized groups.
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In the 25 individuals that had received three doses of
SCoK, the SCoK-Omicron booster induced detectable
neutralizing antibodies against Wild type, Delta, and
Omicron BA.1, BA.2, BA.2.12.1, BA.2.75, and BA.3
in 25 (100%) individuals, and Omicron BA.4/BA.5,
BF.7, BQ.1, XBB in 22 (88%), 23 (92%), 14 (56%), 23
(92%) individuals (Figure 1(A), S3A). The geometric
mean titers (GMTs) of Wild type, Delta, Omicron
BA.1, BA.2, BA.2.12.1, BA.2.75, BA.3, BA.4/BA.5,
BF.7, BQ.1, and XBB were 1679, 2245, 1669, 1270,
1399, 1356, 749, 227, 218, 80, and 175, being signifi-
cantly increased 56.0, 80.2, 66.8, 57.7, 73.6, 64.6,
37.5, 11.9, 11.5, 3.3, and 9.7 folds after SCoK-Omicron
booster, respectively (P < 0.01). In contrast, after Wild
type RBD–based vaccine SCoK booster, the neutraliz-
ation titers against all of the tested Omicron subvar-
iants were significantly lower compared with those
against the Wild type (P < 0.001, Figure 1(B)). In the
SCoK booster group, the number of individuals with
detectable BA.4/BA.5 or XBB-neutralizing antibodies
decreased to 15 (60%); the neutralization titers of
Delta, Omicron BA.1, BA.2, BA.2.12.1, BA.2.75,
BA.3, BA.4/BA.5, BF.7, BQ.1, and XBB were signifi-
cantly decreased (2.2, 3.9, 4.0, 3.2, 4.8, 3.4, 4.1, 3.0,
1.5, and 8.3 folds, respectively) compared with the
SCoK-Omicron booster group (P < 0.001, Figure 1
(D)). These data show that the updated vaccine,
SCoK-Omicron, is a better option than SCoK as a
booster vaccine candidate against the Omicron sub-
variants, especially against BA.4/BA.5, and XBB. In
the group with two doses of CoronaVac, the GMTs
of Wild type, Delta, Omicron BA.1, BA.2, BA.2.12.1,
BA.2.75, BA.3, BA.4/BA.5, BF.7, BQ.1, and XBB sig-
nificantly increased (14.0, 22.3, 13.5, 11.9, 16.6, 6.2,
6.2, 6.4, 5.7, 2.1, and 2.0 folds, respectively) after
SCoK-Omicron booster (Figure 1(C) and S3C). In
this group, the number of individuals with detectable
neutralizing antibodies remarkably increased to 22
(88%), 19 (76%), 22 (88%), 19 (76%), 19 (76%), 16
(64%), 16 (64%), 17 (68%), 16 (64%), 14 (56%), and
11 (44%) against Wild type, Delta, and Omicron
BA.1, BA.2, BA.2.12.1, BA.2.75, BA.3, BA.4/BA.5,
BF.7, BQ.1, and XBB, respectively (Figure S3C).
These data suggest that SCoK-Omicron can be also
used as a booster vaccine candidate in adults who
received two doses of inactivated vaccine.

Moreover, the neutralizing antibody titers against
SARS-CoV-2 Wild-type, Delta, and Omicron BA.1 live
viruses were tested, which were significant positive cor-
relation with the pseudovirus neutralization antibody
titers (Figure S4, P < 0.001). In the 25 individuals who
had received three doses of SCoK, the GMTs of Wild
type, Delta, and Omicron BA.1 were 1429, 942, and
458, being significantly increased 75.2, 41.0, and 38.2
folds after SCoK-Omicron booster, respectively (P <
0.01, Figure 1(E)). In the 25 individuals who had received
two doses of CoronaVac, the GMTs of Wild type, Delta,

and Omicron BA.1 were 171, 333, and 94, being signifi-
cantly increased 15.5, 23.8, and 10.4 folds after SCoK-
Omicron booster, respectively (P < 0.01, Figure 1(F)).
These results showed that the SCoK-Omicron booster
was able to induce high neutralizing antibody titers
against Wild type, Delta, and Omicron subvariants.

Using the pseudovirus neutralization assay, we found
that Omicron BA.4/BA.5, BQ.1 and XBB had the lower
neutralization titers among Wild type, Delta, and Omi-
cron subvariants (Figure 1(A–C)), suggesting that
BA.4/BA.5, BQ.1 and XBB displays stronger humoral
immune evasion than other Omicron subvariants,
which is consistent with previous reports [8–10]. To
reveal the key amino acid sites associated with immune
escape, the NT50s of pseudoviruses with spike-protein
mutation (K444T, L452R, N460K, or F486V), which
especially appears in Omicron BA.4/BA.5, BQ.1 or
XBB, were detected (Figure S1). In the groups that
received SCoK and booster SCoK-Omicron, the neutral-
ization titers of K444T, L452R, N460K, or F486V
mutation were significantly lower than those of Wild
type but significantly higher than those of Omicron
BA.4/BA.5, BQ.1 or XBB (P < 0.05, Figure 1(G)). Similar
changes were detected in the neutralization titers of
K444T, L452R, N460K, or F486V mutation in the
group with SCoK and booster SCoK or the group with
CoronaVac and booster SCoK-Omicron (Figure 1(H,
I)). Together, these observations suggest that although
K444T, L452R, N460K, or F486Vmay be key mutations,
it has to act in concert with other mutations to cause
immune evasion in BA.4/BA.5, BQ.1 or XBB.

Discussion

Notably, vaccination is one of the effective ways to con-
trol SARS-CoV-2 transmission and reduce the disease
severity. However, the antibody level significantly
drops several months after the standard two- or three-
dose vaccination, and thus, a third or fourth dose booster
has been recommended to boost the antibody response.
In this study, we presented the immunogenicity of an
Omicron BA.1 RBD–based vaccine SCoK-Omicron in
adults who had received subunit or inactivated vaccines;
specifically, we demonstrated that such booster immu-
nization elicited potent neutralizing antibodies not only
against the SARS-CoV-2 Wild type but also against
Delta and Omicron subvariants. Booster vaccination
with our updated vaccine SCoK-Omicron represents a
rational strategy in response to the epidemic of
COVID-19 VOCs, especially Omicron subvariants. In
addition, this study has several limitations. First, we
just evaluated the neutralizing abilities of sera from
adults, who had received subunit or inactivated vaccines.
Further study is needed to test the booster vaccine’s
activity in adults, who had received other kinds of vac-
cines, like mRNA and adenovirus-based vaccines.
Second, vaccine immunogenicity was assessed in this

2 T. Li et al.



Figure 1. Neutralizing antibodies elicited by an Omicron BA.1–based updated RBD-Fc fusion protein vaccine booster against
SARS-CoV-2 variants in adults. A-E, The 50% neutralizing titers (NT50) against SARS-CoV-2 Wild type, Delta, and Omicron subvar-
iants VSV-based pseudoviruses. (A), Individuals who received three doses of RBD-Fc fusion protein vaccine (SCoK) and a booster
Omicron BA.1–based updated RBD-Fc fusion protein vaccine (SCoK-Omicron) (n = 25). (B), Individuals who received three doses of
RBD-Fc fusion protein vaccine (SCoK) and a booster RBD-Fc fusion protein vaccine (SCoK) (n = 25). (C), Individuals who received
two doses of inactivated vaccine (CoronaVac) and a booster Omicron BA.1–based updated RBD-Fc fusion protein vaccine (SCoK) (n
= 25). (D), Comparison of two immunization groups that received a booster of the original or updated vaccine (SCoK + SCoK-Omi-
cron vs. SCoK + SCoK). (E, F), The NT50 of two immunization groups (E, SCoK + SCoK-Omicron; F, CoronaVac + SCoK-Omicron)
against SARS-CoV-2 Wild type, Delta, and Omicron BA.1 live viruses before and after the booster. (G, I), The NT50 of three immu-
nization groups (G, SCoK + SCoK-Omicron; H, SCoK + SCoK; I, CoronaVac + SCoK-Omicron) against SARS-CoV-2 Wild type, Omicron
BA.4/BA.5, and two single-point mutation variants (L452R or F486V) VSV-based pseudoviruses. Data were analyzed by Student’s t-
test (normal distribution) or one-way ANOVA followed by Dunnett’s multiple comparison test. *, P < 0.05; **, P < 0.01; ***, P <
0.001; n.s., not significant, P > 0.05. Geometric mean titers (GMT) and positive rates are labelled and annotated above each
group of points. The horizontal dotted line indicates the positive seroconversion threshold of NT50 (30 in pseudovirus assay,
16 in live virus assay).
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study at days 14 after booster, which did not assess the
extended duration of the immune response. Immune
responses at later timepoints, including those at least 6
months post booster vaccination, will be evaluated in a
follow-up investigation.
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