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The SARS-CoV-2 Omicron variant (B.1.1.529 lineage) escapes antibodies
that neutralize the ancestral virus. We tested human serum panels from
participants with differing infection and vaccination status using a
multiplex surrogate virus neutralization assay targeting 20 sarbecoviruses.
We found that bat and pangolin sarbecoviruses showed significantly

less neutralization escape than the Omicron variant. We propose that
SARS-CoV-2 variants have emerged underimmune selection pressure and
are evolving differently from animal sarbecoviruses.

The coronavirus disease 2019 (COVID-19) pandemic started in
December 2019 and has caused 591 million cases and claimed 6.4 million
lives as 0of 19 August 2022. SARS-CoV-2 (ref."), which causes COVID-19, is
amember of the subgenus Sarbecovirus, asis SARS-CoV-1, which caused
the SARS epidemic 19 years ago”. Bats are reservoirs for SARS-related
coronaviruses**. Multiple sarbecoviruses have been detected in bats®®
and, more recently, in pangolins’. SARS-CoV-2 variants of concern
(VOC) have emerged since late 2020, probably in response to immune
responses in the human population’. So far, five major VOCs have
been recognized by the WHO (Alpha, Beta, Gamma, Delta and Omi-
cron). SARS-CoV-2 VOCs have either developed resistance/escape to
neutralizing antibodies" '® or acquired mutations that have increased
transmission or pathogenicity'”'®, SARS-CoV-2 Omicron, which contains
32amino acid mutationsin the spike, was first detected in South Africa
and Botswana and has rapidly spread to many countries 22,

We applied our SARS-CoV-2 surrogate virus neutralization
test (SVNT) platform?*** which can detect total immunodominant

neutralizing antibodies targeting the viral spike (S), and differentiated
antibody responses to several human and animal sarbecoviruses in a
20-plex assay thatincluded 15 receptor binding domains (RBDs) of the
SARS-CoV-2clade (clade-1b) viruses and 5RBDs of the SARS-CoV-1clade
(clade-1a) viruses. Clade-1bvirusesincluded the ancestral SARS-CoV-2
virus (Wuhan-hu-1), variants of concern or interest (Alpha, Delta, Beta,
Gamma, Delta plus, Lambda, Mu, Omicron BA.1 and Omicron BA.2)
and animal sarbecoviruses (BANAL-52, BANAL-236, GD-1, RaTG13 and
GX-P5L). For clade-1a, we included human SARS-CoV-1and bat sarbe-
coviruses (Rs2018B, LYRall, RsSHCO014 and WIV1). The phylogenetic
relatedness and the amino acid sequence differences of these RBDs
and spikes are shown in Extended Data Fig. 1a-d.

AlIRBDs bind to human ACE2 in a dose-dependent manner inthe
multiplex Luminex system (Extended Data Fig. 2a). We first tested the
20-plex sVNT using the WHO international standard 20/136 (ref. %)
and found that the neutralization titres were reduced from ancestral
SARS-CoV-2inthefollowing order for the human SARS-CoV-2 variants
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(from least to most): Alpha, Delta, Delta plus, Lambda, Gamma, Beta,
Mu, Omicron BA.2 and Omicron BA.1 (Extended Data Fig. 2b). The
calibration of WHO international standards using SARS-CoV-2 ances-
tral multiplex sVNT was modelled (Extended Data Fig. 2c). From a
well-defined panel of 120 sera with varying levels of neutralizing anti-
bodies (NAbs), the datashowed agood correlationbetweensVNT and
PVNT (pseudovirus-based VNT) with R? of 0.83 and 0.73 for the ances-
tral and Omicron BA.1 virus, respectively, and with good correlation
with Omicron BA.1 plaque reduction neutralization test (PRNT) with
R?0f0.79 (Extended Data Fig. 2d-f).

Withour20-plex sVNT platform, we observed significantly more
neutralization escape by Omicron BA.1and BA.2 than by any of the other
variants, and this was consistent for all 20 serum panels tested in this
study (Fig. 1a) (extent of neutralizationin decreasing order: Ancestral
>Alpha>Delta>Delta plus >Lambda >Gamma >Beta>Mu >Omicron
BA.2>tolowest Omicron BA.1). Vaccinated individuals whoreceived a
third dose of BNT162b2, mRNA-1273 or AZD1222, but not inactivated
vaccines, increased overall NADb titre to all viruses. Even in these indi-
viduals, a significant reduction in NAb level to Omicron was evident
in all serum panels, including those with hybrid immunity (Fig. 1a).
Eveninthose with Omicron-breakthroughinfections, the NAbtitre to
Omicronremained lower than for other SARS-CoV-2 variants (Fig. 1a).

Next, we tested a panel of well-defined hyperimmune rabbit sera
raised against different recombinant RBD proteins of clade-1b and
clade-2 sarbecoviruses, includinghuman SARS-CoV-2, bat CoVRaTG13,
pangolin CoV GX-P5L (clade-1b) and two non-ACE2-binding RBDs from
bat CoV RmYNO2 and bat CoV SL-ZC45 (clade-2)°. Both RmYNO2 and
SL-ZC45 RBD have major deletions in the receptor binding motif and
shared 62.8% and 65.6% amino acid sequence identity to SARS-CoV-2,
respectively (Fig. 1b). Consistent with our data from human sera, Omi-
cron BA.1and BA.2 are the only SARS-CoV-2 viruses that escape NAbs
fromallrabbitserainthe panel. Seraraised against RaTG13 and GX-P5L
RBDs had 6.4-fold and 3.8-fold NAb titre reduction, respectively, to
SARS-CoV-2,but Omicron BA.1/BA.2 showed an almost complete NAb
escape with a 58-fold/38-fold and 18-fold/16-fold reduction, respec-
tively, against the RaTG13 and GX-P5L hyperimmune sera (Fig.1c). This
was confirmed by pVNT witha135-fold reduction of neutralizing activ-
ity to Omicron BA.1in GX-P5L hyperimmune sera (Fig. 1d). The hyper-
immune sera raised against the non-ACE2-binding RBDs of RmYNO2
and SL-ZC45 had the lowest cross-NAbs to SARS-CoV-2 (Fig. 1c,d). As
anegative control, no NAb was detected in the rabbit hyperimmune
seraraised against anon-sarbecovirus bat CovV HKU1RBD (Fig. 1c,d).

When comparing NAb escape between human VOCs and animal
sarbecoviruses, we observed that Omicron had greater neutralization
escape than was observed in animal sarbecovirus RaTG13 and GX-P5L
using multiplex sVNT, although there were only 15-16 amino acid
mutations in Omicron RBDs compared with 22 and 30 mutations in
RaTG13 and GX-P5L, respectively (Extended Data Figs. 1a,b and 2a,b).
In addition to Omicron, we further observed that VOCs Beta and Mu
had higher NAb escaping ability than their most genetically related
animal sarbecoviruses bat BANAL-52 and pangolin GD-1 (Fig. 2a,b),
even though these animal viruses are phylogenetically more distant
from SARS-CoV-2 (Extended Data Fig. 1a,c). Using pVNT, we further
confirmed thatthe SARS-CoV-2 Beta variantis more potentin NAb eva-
sionthan animal sarbecoviruses BANAL-52 and GD-1despite the animal
sarbecoviruses containing 20 and 127 mutations (Extended Data Figs.
1dand 3aandFig.2c,d), respectively, inthe spike protein. SARS-CoV-2
Omicron BA.1and BA.2 have comparable pVNT 50% neutralization titre
(NT50) with GX-PSL (Fig. 2c).

Furthermore, SARS-CoV-1survivors who received two doses of
BNT162b2 vaccine displayed broad NAbs against all known sarbecovi-
ruses before the emergence of Omicron. However, sera from this panel
also had some degree of NAb escape to Omicron (Fig. 1a). We showed
that amino acid mutation G339D, S371L/F, S373P, S375F, D406N and
R408Slocated at the conserved regions are unique to Omicronbutare

not present in animal sarbecoviruses or SARS-CoV-1 (Extended Data
Fig.3b). Interestingly, S371, S373, S375, D406 and R408 are located in
the pan-sarbecoviruses neutralizing epitopes of class Vlantibodies**”.
In our mutagenesis data, we observed that mutations at the receptor
binding motif (amino acids 417-508) had little-to-no impact on escape
from NAbs derived from BNT162b2-vaccinated SARS-CoV-1survivors,
butserafrom this panel showed 2.9-fold reductionin geometric mean
neutralizing titer 50% (GMT50) against ancestral RBD in RBD with
S371L,S373P and S375F mutations (Extended Data Fig. 3¢).

Finally, data from antigenic cartography confirmed that Omicron
VOCs are antigenically more distinct from the ancestral SARS-CoV-2
than animal sarbecoviruses (Extended Data Fig. 4a). Consistent with
our previous findings, we found that the overall antigenic breadth of
BNT162b2-vaccinated SARS-CoV-1survivors is significantly broader
than that of BNT162b2-vaccinated infection-naive individuals
(Extended Data Fig. 4b). More recently, Omicron BA.5, which carries
three additional mutations compared with BA.2 in the RBD (L452R,
F486Vand R493Q), emerged and is overtaking Omicron BA.2inSouth
Africa and the United States. Using the same serum panels, we dem-
onstrated even more potent NAb escape of mRNA vaccine-induced
neutralizing antibodies by Omicron subvariants BA.2.11and BA.5 with
the additional L452R mutation and L452R/F486V/R493Q mutations,
respectively (Extended Data Fig. 5).

Combining our sVNT detection platform with a collection of 20
different human serum panels, we have shown that the degree of NAb
escape in VOCs is greater than that of distantly related animal sarbe-
coviruses. We propose that the SARS-CoV-2 Omicron variant emerged
underimmuneselectionimposed during 2 years of virus transmission
in humans. On the other hand, the sarbecoviruses in animals, mainly
inbats, seem to be involving at a slower rate probably due to two pos-
sibilities. First, ACE2 may not be the only or main entry receptor in
bats. Second, antibody-mediated immune responses are not as strong
in bats as in humans®.

Methods

Human serum panels

Naive sera (n =20) were used as a control. The convalescent panel
consists of sera derived from early pandemic (n =20), Beta-infected
(n =20), Delta-infected (n=15) and SARS-infected (n =14) indi-
viduals. The vaccinated panel contains sera from individuals who
received two doses of COVID-19 vaccine (BNT162b2 (n =20), mRNA-
1273 (n=20), CoronaVac (n=20), BBIBP-CorV (n=17) or AZD1222
(n=20)), at 14 d post second dose. The boosted panel contains sera
fromindividuals who received a booster after two doses of COVID-19
vaccines, the booster comprising homologous booster: BNT162b2
x3 (n=20), mRNA-1273 x3 (n=9), CoronaVac x3 (n=20), or heter-
ologous booster: BNT162b2 x2/mRNA-1273 (n = 20), CoronaVac x2/
BNT162b2 (n=12), CoronaVac x2/AZD1222 (n = 20) and CoronaVac x2/
BBIBP-CorV (n=7). The hybrid panel consists of serafrom individuals
with Delta-breakthrough infections (n =20), Omicron-breakthrough
infections (n =49), individuals with previous exposure to SARS-CoV-2
with two doses of BNT162b2 (n =11) and individuals with previous
exposure to SARS-CoV-2 with one dose of BNT162b2 (n =20). Ethics
statements, Institutional Review Board approvals and references to
previous studies are listed in Supplementary Data Table 1.

Rabbit hyperimmune seraraised against recombinant RBD
proteins

Rabbit anti-SARS-CoV-2, GX-P5L, RaTG13, RmYNO2, SL-ZC45 and
HKU1 RBD sera were all custom-produced by Genscript. Rabbit
anti-SARS-CoV-1sera were described in previous studies®.

Cellline
Lung carcinoma epithelial cells (A549, ATCC CRM CCL-185) were grown
and maintained in RPMI-1640 medium supplemented with 10% fetal
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Fig.1|sVNT and pVNT assay. a, A heat map of sVNT GMT50 of 20 serum panels
derived from convalescent, vaccinated, boosted and hybrid individuals for
immunity against 20 sarbecoviruses using multiplex sVNT. b, Illustration of the
clade-1b (SARS-CoV-2,RaTG13 and GX-P5L) and clade-2 (RmYNO2 and SL-ZC45)
RBDs used in rabbit immunization. The receptor binding motifis highlighted

inblue. The percentage of amino acid sequence identity to SARS-CoV-2 RBD
isindicated. c,d, The NAb level of the hyperimmune rabbit sera to different
sarbecoviruses were determined by 20-plex sVNT (c¢) and pVNT (d) of different
sarbecovirus spike proteins indicated above the panels.

bovine serum (FBS). A549-ACE2 cells were produced by transduction
of third-generation lentiviruses carrying human ACE2 gene under
EF1-alphapromoterin pFUGW vector. A549-ACE2 cells were maintained
in RPMI-1640 supplemented with 10% FBS and 15 pg ml™ blasticidin.

Enzymatic biotinylation of recombinant RBD proteins

Biotinylated RBD proteins from ancestral SARS-CoV-2, SARS-CoV-2
Alpha, Delta, Beta, Gamma, Bat CoV RaTG13, Pangolin CoV GX-P5L and
SARS-CoV-1were custom-made by Genscript. Biotinylated SARS-CoV-2
Omicron BA.1RBD was purchased from Acrobiosystems. Biotinylated
RBDs from SARS-CoV-2 Delta plus, Mu, Lambda and Omicron BA.2, bat
CoVs BANAL-52, BANAL-236, WIV1, Rs2018B, LYRall and RsSHCO014, and

pangolin CoV GD-1 were produced in-house. Briefly, the RBD coding
sequences were cloned into pcDNA3.1 vector with SARS-CoV-2 signal
peptide (amino acid1-14) at the N terminus and 10x his-tag, followed by
AviTagatthe C terminus. After transfection of expression plasmid into
HEK293T cells using Fugene6 in Opti-MEM media, expressed proteins
were collected at day 3 or day 6 post transfection. RBD proteins were
purified using Ni Sepharose (GE Healthcare) and desalted using Ami-
conUltra-4,10 KDa cutoff (Merck). Enzymatic biotinylation of AviTag
was performed using BirA protein-biotin ligase kit (Avidity) according
to the manufacturer’s instructions. Excessive biotin was removed by
Amicon Ultra-4,10 MW (Merck). Protein concentration was determined
by Nanodrop (Thermo Scientific).
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Fig.2|The effect of RBD and spike mutations on NAb escape. a, Effect of

RBD mutations examined by multiplex sVNT is shown by neutralization titres
(n=175) for SARS-CoV-2 ancestral, Delta, Beta, Mu, Omicron BA.1, Omicron BA.2,
Bat CoV BANAL-52, RaTG13, Pangolin CoV GD-1, GX-P5L and SARS-CoV-1.b, The
effect of the number of RBD mutations on NAb escape (n = 89). The effect of all
mutations in the full spike protein was measured using pVNT and is shownin c.
¢, Neutralization titres (n = 75) for SARS-CoV-2 ancestral, Delta, Beta, Omicron
BA.1,Omicron BA.2, Bat CoV BANAL-52, Pangolin CoV GD-1, GX-PSL and SARS-
CoV-1.d, The effect of the number of spike mutations on NAb escape (n = 69).
Statistical analysis in aand ¢ was performed using two-sided Wilcoxon rank sum
testin GraphPad Prism 8 (in a: Beta versus GD-1P < 0.0001, Beta versus BANAL-52
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P<0.0001, Mu versus GD-1P < 0.0001, Mu versus BANAL-52 P < 0.0001, Omicron
BA.1versus RaTG13 P < 0.0001, Omicron BA.1versus GX-P5L P < 0.0001, Omicron
BA.1versus Omicron BA.2 P<0.0001, Omicron BA.2 versus RaTG13 P< 0.0001,
and Omicron BA.2 versus GX-P5L P < 0.0001; in c: Beta versus GD-1P < 0.0001,
Beta versus BANAL-52 P < 0.0001, Omicron BA.1 versus GX-P5L P=0.0035,
Omicron BA.1versus GD-1P<0.0001, Omicron BA.1versus Omicron BA.2
P=0.0063).Each dot denotes the NT50 value of asample, while the box shows
theinterquartile range with median at the centre, and the whiskers represent the
maximum and minimum. Linear regression analysis in b and d was performed
using GraphPad Prism 8. Error barsinb and d indicate standard deviation of the
geometric mean.

Sarbecovirus RBDs for the 20-plex sVNT assay system

The RBDsincluded in this study are as follows. (1) Clade-1b sarbecovi-
ruses: SARS-CoV-2 ancestral, SARS-CoV-2VOCs (Alpha, Beta, Gamma,
Delta, Omicron BA.1and OmicronBA.2), SARS-CoV-2 variants of interest
(Delta plus, Lambda, Mu), animal sarbecoviruses (bat CoV BANAL-52,
pangolin CoV GD-1, bat CoV BANAL-236, bat CoV RaTG135, pangolin
CoV GX-P5L); (2) Clade-1a sarbecoviruses: SARS-CoV-1and bat CoVs
WIVI, Rs2018B, LYRall and RsSHCO14.

Multiplex sVNT

Multiplex sVNTs were established as previously described®. Briefly,
AviTag-biotinylated RBD proteins were coated on MagPlex-Avidin
microspheres (Luminex) at 5 pg million™ beads. RBD-coated beads
(600 per antigen) were pre-incubated with testing serum at final dilu-
tions 0f 1:20, 1:80, 1:320 and 1:1,280 for 15 min at 37 °C with agitation,
followed by addition of 50 pl R-phycoerythrin-conjugated human
ACE2 (2 mg mI™; Genscript) and incubation for an additional 15 min
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at 37 °C with agitation. After two washes with 1% BSA in PBS, the final
readings were acquired using the MAGPIX system (Luminex) following
the manufacturer’sinstruction.

pVNT

SARS-CoV-2 Wuhan-hu-1 (ancestral), Delta, Beta, Omicron BA.1,
Omicron BA.2, Omicron BA.2.11 (L452R), Omicron BA.2 F486V,
Omicron BA.5, GD-1, BANAL-52, GX-P5L and SARS-CoV-1full-length
spike-pseudotyped viruses were produced and packaged as previously
described. Briefly, 5 million HEK293T cells were transfected with 20 pg
of pCAGGS spike plasmid using FuGene6 (Promega). At 24 h post trans-
fection, cellswereincubated with VSVAG luc seed virus (at a multiplicity
of infection of 5) for 2 h. Following two PBS washes, infected cells were
replenished with complete growth media supplemented with 1:5,000
diluted anti-VSV-G mAb (Clone 8GF11, Kerafast). At 24 h post infec-
tion, pseudoviruses were collected by centrifugation at 2,000 x g for
5min. For pVNT assay, 3 x 10 relative light units of pseudoviruses were
pre-incubated with 4-fold serial-diluted test serumin afinal volume of
50 plfor1hat37°C, followed by infection of ACE2-stably-expressing
A549 cells. At20-24 h postinfection, an equal volume of ONE-Glo lucif-
erase substrate (Promega) was added and the luminescence signal was
measured using the Cytation 5 microplate reader (BioTek) with Gen5
software version 3.10.

PRNT

SARS-CoV-2 Omicron BA.1 clinical isolates, previously isolated using
Vero TMPRSS2 cells* were used in this study. Briefly, 50 plaque-forming
units of the Omicron BA.1were pre-incubated with 4-fold serial-diluted
serum for 1 h at 37 °C after previous inoculation into monolayer
A549-ACE2 cells. After 1 hincubation, the inoculum was removed and
the cells were overlaid with plaque medium containing DMEM with
2% FBS, 0.2% carboxymethylcellulose and 0.8% avicel. The cells were
fixed with 10% buffered formalin and stained with 0.2% crystal violet
at72 hpostinfection.

Phylogenetic analysis

ACE2-bindingsarbecovirus spike or RBD sequences were either directly
retrieved from NCBI or translated from nucleotide sequencesretrieved
from GISAID. Further analysis was performed in Geneious Prime (ver-
sion 2022.0.2). Spike or RBD protein sequences were aligned with
MAFFT to construct the phylogenetic tree by the maximum-likelihood
method with the blosum62 model using1,000 bootstrap replicatesin
the PHYML 3.0 software.

Antigenic cartography

Anantigenic map was generated using the R package ‘Racmacs’ (version
1.1.18) inR (version 4.1.2) on the basis of the matrix of NT50 of sera on
the 20 sarbecoviruses on multiplex sVNT. The number of optimizations
wassetto1,000.

Statistical analysis

Statistical analysis was performed using GraphPad Prism 8 software.
Differences between groups were analysed using two-sided Wilcoxon
rank sum test. Correlations between sVNT and pVNT or PRNT were
analysed using Pearson correlation coefficients.

Reporting summary
Further information on research design is available in the Nature
Research Reporting Summary linked to this article.

Data availability

Alldatageneratedinthisstudy are presentedinthearticleandits Sup-
plementary Information. Dataand code on the antigenic cartography
are available at https://github.com/Lelouchzhu/OmicronDifferen-
tialEscape. Biological materials including cell lines and plasmids are

available on reasonable request from the corresponding authors.
Source data are provided with this paper.
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Extended Data Fig. 2| Validation of the 20-plex sVNT with WHO International
Standard (IS) SARS-CoV-2 serum panel 20/136. a, ACE2-RBD binding analysis.
600 beads/RBD were pre-incubated with increased concentration of PE-
conjugated ACE2 for 30 min at 37 °C. The Mean Fluorescent Intensity (MFI) were
acquired using MagPix Luminex machine. The data presented were from three
independent experiments. Error bar indicates standard deviation of mean.

b, multiplex sVNT analysis of WHO IS 20/136, with 2-fold serial dilution starting
from1:20. The data presented were from three independent experiments. Error
bar indicates standard deviation of mean. ¢, Calibration of WHO IS unit (1U/

ml) using multiplex sVNT on SARS-CoV-2 ancestral strain. Three independent

runs were used to perform the correlation of multiplex sVNT inhibition % to 1U/
mland logistic regression modelling was performed. The upper and lower 95%
confidentinterval of the mean was plotted in blue shade. The modelled equation
for IU/mlto inhibition % and a pseudoR2 (calculated by 1-deviance/null deviance)
was marked on the left upper corner. Pearson’s correlation analysis between
multiplexsVNT and pVNT ond, ancestral (n =
f, Pearson’s correlation analysis between multiplex sVNT and PRNT on Omicron
BA.1(n=120). Correlation and linear regression analyses were performed in
GraphPad Prism 8 using Pearson’s correlation coefficients.

120) and e, Omicron BA.1(n=120).
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Extended Data Fig. 3| Residues crucial for Nab escape. Graphicalillustration
of sarbecoviruses a, spike and b, RBD amino acid sequence alignments. The
percentage indicates sequence identity to the SARS-CoV-2 ancestral virus. The
N-terminal, receptor binding and S2 domains are shaded in blue. The black line
indicates differences to the reference sequence (SARS-CoV-2). The neutralization
epitopes for class I-VInAbs against early pandemic strains (D614 or G614) are
derived from published data®®?. ¢, mutagenesis analysis of SARS-CoV-2 RBD and
the NT50 of serum samples derived from individuals who received two (n =10)

and three (n =10) doses of BNT162b2 and SARS survivors who had received two
doses of BNT162b2 (n =10). The experiment was repeated twice. Data presented
was from one experimental replicate. The GMT50 and the fold of reduction were
indicated. P value less than 0.05 is considered statistical significance. The exact
P values were indicated in the figure. Statistical analysis was performed with
two-tailed t-test using GraphPad Prism 8. Each dot denotes the NT50 value of a
sample, while the box shows the interquartile range with median at the center,
and the whiskers represent the maximum and minimum.

Nature Microbiology


http://www.nature.com/naturemicrobiology

Brief Communication

https://doi.org/10.1038/s41564-022-01246-1

i ; SARS:COV-2
ANAL-52.f
% oppna TR o
Delta_7 Samma
Lambda Y

Delta Plus

GX-PSly 2l
Omicron BA 2o
RsSHC014
9
°
Omicron BA 1 YRatt
a
o O @SRSCovt
Rs2018B
oWIv-1

Extended Data Fig. 4 | Antigenic map of major variants of SARS-CoV-2
and animal sarbecoviruses. Antigenic cartography was generated by the
neutralization titer 50% (NT50) of 16 sarbecoviruses (color circles) from a, all
serum panels examined (n =394, uncolored squares), b, serum from SARS-

Omicron BAZ

Dmicron BA2

BANAL-52:
aANAL-zas%:GD—1
Gamma " W
; "Coeta S g Lambaa

Bet O?)Dha PX-PsL
SARS-CoV-
Q)ellaa:l?‘ . fssticots
sars-Cov-1 ofs20188
O R

vaccinated (n =11, uncolored squares). The x and y axes represented the antigenic
distance, with the space of the grey grid lines showing 1 Antigenic Unit (2-fold
dilutionintiter).
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Extended DataFig. 5| Neutralization escape of SARS-CoV-2 Omicron ancestral SARS-CoV-2 against each of the Omicron sublineagesis indicated on
sublineages. pVNT was performed using serum samples derived from thegraph. Each dot denotes the NT50 value of asample, while the box shows the
individuals received 3 doses of mRNA vaccine (n = 40) against SARS-CoV-2 interquartile range with median at the center, and the whiskers represent the
ancestral, BA.1,BA.2,BA.2L452R, BA.2F486V, and BA.5. Number on top of each maximum and minimum.

box plotindicates GMT50. The fold of reduction calculated based on GMT50 of
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Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated
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Antibodies

Antibodies used 1. Mouse anti-VSV-G monoclonal antibody, clone 8G5F11 (Kerafast, Catalog humber:EBO010, Lot 220104)
2. First WHO International Standard for anti-SARS-CoV-2 immunoglobulin (human) (NIBSC code: 20/136)
3. Rabbit SARS-CoV-2, RmYNO02, HKU1, ZC45, GX-P5L, RaTG13, SARS-CoV-1 RBD immunised antisera.

Validation The primary antibody is from commercial source and validated by the manufacturers through immunofluorescence assay and other
publications listed in the manufacturer's website. All antisera were validated by respective RBD binding ELISA.
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No authentication was performed for commonly used cell lines. For expression cell lines, all expression plasmid constructs
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