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Heterologous mRNA vaccine boosters induce a stronger and
longer-lasting antibody response against Omicron XBB variant
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The SARS-CoV-2 Omicron recombinant XBB subvariant
was first detected in September 2022, and rapidly spread
across South-East Asia, notably overtaking BA.5 to
become the dominant variant in Singapore. As of
December 2022, the prevalence of XBB is also increasing
in the United States and Europe.' XBB was likely formed
from a recombination between strains from the BA.2.10
and BA.2.75 lineages, with the recombination breakpoint
at position 446-460.> XBB contains the R346T and
N460K mutations which are shared with several other
contemporary strains such as BQ1.1, BA2.3.20, and
BA2.75. In addition, XBB carries several other sets of
mutations, such as V83A, H146Q, Q183E, V445P, and
F490S. Other subvariants derived from XBB harboring
mutations such as H146del and D253G have now arisen
as well and are rapidly spreading across the globe.
Here, we characterized the extent of evasion of XBB to
vaccine-induced antibodies. To this end, we profiled a
cohort of fifty-nine individuals who had taken three doses
of mRNA vaccines and had no history of prior infection

(Supplementary Table S1). Utilizing two complementary
assays, a cell-based surface Spike-binding flow cytometric
assay (SFB)’ and a pseudovirus neutralization assay,* we
assessed the levels of antibodies against XBB in com-
parison with wild type and Omicron BA.1 strains at 28
days and 180 days post-third dose.

We found that XBB displayed higher antibody
evasion than Omicron BA.1. By SFB, levels of antibodies
binding to the surface expressed XBB Spike at 28 days
post-third dose were lower (median 35.1% binding)
relative to BA.1 (median 44.8% binding) and wild type
(median 50.8% binding) (Fig. 1A). The lower variant
Spike binding efficacy, compared to wild type, is un-
likely due to lower Spike expression as we have found
similar ACE-2 binding efficacy with the variants,
compared to WT (Supplemental Fig. S1). These levels
also further waned by 180 days post-third dose to a
median of 6.3% binding, lower than BA.1 (median
29.6% binding) and wild type (median 42.5% binding).
Similarly, the mean pseudovirus neutralization IC50 for
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Fig. 1: (A) Anti-Spike IgG antibody binding responses were assessed in a cohort of 59 healthy individuals with no reported COVID-19 infection
history who had received three doses of mRNA vaccines. Antibody responses against wild type (WT), Omicron BA.1 (BA1), and Omicron XBB (XBB)
variants were assessed at the time of the third vaccine dose (day 1), as well as 28 days and 180 days subsequently. Bars and whiskers represent
median values and interquartile range. Comparisons were made using Kruskal-Wallis test. (B) Pseudovirus neutralization IC50 values were assessed in
a downselected group of 28 individuals from the same cohort. Bars and whiskers represent mean values and standard deviation. Comparisons were
made using one-way ANOVA. (C) Anti-Spike IgG antibody responses of individuals who took the BNT162b2 monovalent vaccine for their third
vaccine dose are plotted in red (n = 31), and mRNA-1273 monovalent vaccine in blue (n = 28). Bar represents the median value. (D) Pseudovirus
neutralization IC50 values of individuals who took the BNT162b2 monovalent vaccine for their third vaccine dose are plotted in red (n = 15), and
mRNA-1273 monovalent vaccine in blue (n = 13). IC50 = 50% inhibitory concentration. *P < 0.05. **P < 0.01. ***P < 0.001. ****P < 0.0001.

XBB at 28 days post-third dose was 22.7, which was
lower than BA.1 (mean IC50 = 296) and wild type (mean
IC50 = 298) (Fig. 1B). Neutralizing antibody levels
further waned by 6 months post-third dose to 5.1, lower
than BA.1 (mean IC50 = 86.9) and wild type (mean
IC50 = 93.8).

Furthermore, we found that the vaccinees who had
received the mRNA-1273 monovalent vaccine as their
third dose showed higher antibody levels against XBB
than those who had received the BNT162b2 monovalent
vaccine. Those who received mRNA-1273 had a mean
pseudovirus neutralization IC50 of 34.8 at 28 days post-
third dose, which was significantly higher than those
who received BNT162b2 (mean IC50 = 12.2) (p < 0.01)
(Fig. 1D). Similarly, by SFB, levels of antibodies binding
to the surface-expressed XBB Spike showed a trend to-
ward being higher among those who received mRNA-
1273 (median 37.6% binding) relative to BNT162b2

(median 31.3% binding), though this did not reach
statistical significance (Fig. 1C). Furthermore, antibody
levels in the mRNA-1273 vaccinees were better sus-
tained relative to those elicited by the BNT162b2 vac-
cine. At 180 days post third-dose, mRNA-1273 vaccinees
had a significantly higher SFB binding to XBB (mRNA-
1273 median 10.1% binding; BNT162b2 median 3.8%
binding) (p < 0.05) (Fig. 1C). A similar trend was also
observed at six months for XBB pseudovirus neutrali-
zation (mRNA-1273 mean IC50 = 6.9; BNT162b2 mean
IC50 < 5), though this did not reach statistical signifi-
cance (Fig. 1D).

Our study shows that the recombinant Omicron XBB
variant displays a higher degree of humoral immune
escape relative to Omicron BA.1, confirming other
studies reporting high antibody escape by Omicron
XBB.** A third mRNA vaccine dose elevates antibody
coverage against Omicron XBB to some degree, but
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overall levels remain very low. Antibody responses
against XBB also largely wane within six months post-
boost. Of note, for September 2022 to January 2023,
corresponding to the XBB wave in Singapore, the pro-
portion of cases in ICU or who died due to COVID-19 in
Singapore was approximately double in those without a
minimum of 3 vaccine doses (0.11%) compared with
those with at least 3 vaccine doses (0.063%).” Never-
theless, we observe that the magnitude and longevity of
humoral responses are affected by vaccine dose type. In
this study, the mRNA-1273 heterologous vaccine
booster was more effective at eliciting anti-XBB anti-
bodies. It remains to be seen whether a BNT162b2
booster given in the context of mRNA-1273 primary
vaccination series will show a similar effect.

Further studies are required to determine how the
type of a fourth vaccine dose given would affect the
magnitude and longevity of antibody responses against
diverse variants, and how the prior vaccine doses impact
this. Additionally, it will be important to determine how
modification of the vaccine strain affects breadth of
antibody responses against subsequent derivative vari-
ants. Notably, a preprint has reported increased efficacy
of the Omicron BA.5 bivalent vaccines against XBB,?
although another study reported that these levels
remained low overall.’ Altogether, this also highlights
the necessity of understanding the mechanisms un-
derlying differential antibody responses elicited by
different vaccine compositions.
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