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Abstract

Many new Omicron sub-lineages have been reporteeivémle neutralizing antibody response,
including BA.2, BA.2.12.1, BA.4 and BA.5. Most rettly, another emerging sub-lineage BA.2.75
has been reported in multiple countries. In thiglgt we constructed a comprehensive panel of
pseudoviruses (PsVs), including wild-type, DeltaA.B BA.1.1, BA.2, BA3, BA.2.3.1,
BA.2.10.1, BA.2.12.1, BA.2.13, BA.2.75 and BA.4/BRAwith accumulate coverage reached 91%
according to the proportion of sequences deposite@ISAID database since Jam, 2022. We
collected serum samples from healthy adults at 4@yt homologous booster with BBIBP-CorV,
or heterologous booster with ZF2001, primed witho tdoses of BBIBP-CorV, or from
convalescents immunized with three-dose inactivat@ctines prior to infection with Omicron
BA.2, and tested their neutralization activity tistpanel of PsVs. Our results demonstrated that
all Omicron sub-lineages showed substantial evasibmeutralizing antibodies induced by
vaccination and infection, although BA.2.75 accueted the largest number of mutations in its
spike, BA.4 and BA.5 showed the strongest serurapescHowever, BA.2 breakthrough infection
could remarkably elevated neutralization titersimgfaall different variants, especially titers

against BA.2 and its derivative sub-lineages.
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Body text

With the continued mutation of severe acute regpiyasyndrome coronavirus 2 (SARS-CoV-2)
Omicron variant, many new Omicron sub-lineages hbgen reported to evade neutralizing
antibodies induced by both vaccination and infegtiocluding BA.2, BA.2.12.1, BA.4 and
BA.5."® Most recently, another emerging sub-lineage B/&J.7carrying nine additional
mutations in spike compared to BA.2 (Figure 1A)s lieen reported in multiple countries. Our
previous study showed that homologous or heteralsdmoster can remarkably reduce Omicron
BA.1, BA.1.1, BA.2 and BA.3 escape from neutraligimntibodies, but a comprehensive
neutralization assessment of booster vaccinatiobreakthrough infection sera against all the
distinct emerging Omicron sub-lineages is stilkiag.

Here, apart from the four Omicron sub-lineage pegirdses (PsVs) we already had from our
previous study, we further constructed a panel ©f$on the top of BA.2, including BA.2.3.1,
BA.2.10.1, BA.2.12.1, BA.2.13, BA.2.75 and BA.4/BA.Some of these Omicron sub-lineages
bear identical spike protein with many other sutediges evolved from BA.1, BA.2 or BA.5, and
thus our virus panel can represent many more Omisub-lineages regarding their neutralization
evasion levels (Figure 1A). We also included DgBal.617.2) variant in this study due to its
recent replacement by Omicron. Taken all theseamtsi and their representing variants into
account, their accumulate coverage reached 91%rdingoto the proportion of sequences
deposited in GISAID database since J&n2D22 (Figure 1A), which is the most comprehensive
panel of Omicron sub-lineages tested as we know.

We collected serum samples from healthy adults atl4 post homologous booster with
BBIBP-CorV, or heterologous booster with ZF2001inped with two doses of BBIBP-CorV

(Table S1), and tested their neutralization agtiei this panel of PsVs. As shown in Figure 1B
and Fig. S1, the homologous booster grosB@IBP, n=10) had a neutralizing geometric mean
titer (GMT) against WT of 278, with 2.1- to 8.4fblreduction against Delta and Omicron
sub-lineages. For the heterologous booster grosBBBP + ZF2001, n=10), this cohort had

higher neutralizing titers with GMTs of 1179, 691%5, 125, 99, 123, 117, 94, 96, 93 and 83
against WT, Delta, BA.1, BA.1.1, BA.3, BA.2, BA.213 BA.2.10.1, BA.2.12.1, BA.2.13,

BA.2.75 and BA.4/5, respectively. Although thesenfers amount to 1.7- to 14.2-fold reductions
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in potency for the Delta and Omicron sub-lineagesgared to WT, nearly all samples retained
detectable neutralizing activity against these imist variants. Of note, although BA.2.75
accumulated the largest number of mutations irspike, BA.4 and BA.5 showed the strongest
serum escape in both the homologous and heteradddgmaster groups.

The SARS-CoV-2 BA.2 variant has led to an increggiumber of breakthrough infections in
China. To gain further insight into their chancerefinfection by new Omicron sub-lineages, we
recruited 12 convalescents immunized with threeedpactivated vaccines prior to infection with
Omicron BA.2 and evaluated their serum samplesagtldt post-infection on the same panel of
PsVs. We found that BA.2 breakthrough infectiom#igantly increased neutralizing antibody to
higher titers with GMTs of 3130, 436, 367, 290, 12083, 1002, 1142, 1255, 978, 556 and 467
against WT, B.1.617.2, BA.1, BA.1.1, BA.3, BA.2, BA3.1, BA.2.10.1, BA.2.12.1, BA.2.13,
BA.2.75 and BA.4/5 (Figure 1B). For BA.2, its dexfive variants and BA.4/5, the reduction
levels compared to WT in the breakthrough infectiggmoup were lower than those of the
homologous and heterologous vaccine booster grapde for Delta, BA.1, BA.1.1 and BA.3,
the reduction levels were much higher, which mayabsociated with the antigenic difference
between Omicron BA.2 and these other variants.

To further understand the differences between waticin and BA.2 breakthrough infection, we
compared in parallel the serum neutralization gitefr homologous booster, heterologous booster,
and BA.2 breakthrough infection, against differeintises. Heterologous booster exhibited higher
titers than homologous booster against WT and Deltéant. However, the neutralization titers
for Omicron sub-lineages showed no difference betweénomologous and heterologous
(RBD-subunit) boosters, which could be attributedhte large number of mutations accumulated
in Omicron variants, especially those in RBD. Moiraportantly, we found that BA.2
breakthrough infection significantly increased malizing antbodytiters to relatively high levels
compared with homologous and heterologous boostecimation against almost all variants
(Figure 1C).For the BA.2 breakthrough infection sera, we furtbempared the neutralization
titers against BA.2 with those of the other varsaiBA.2.75 and BA.4/5, with several additional
mutations on the top of BA.2, showed significanivéo titers than BA.2. While for the other
sub-lineages like BA.2.3.1, BA.2.10.1 and BA.2.12vhich are derived from BA.2 with only one

additional mutation, we observed similar respowsthé breakthrough infection sera compared to
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BA.2 (Fig. S2).

Taken together, our results demonstrated thatraic@n sub-lineages showed substantial evasion
of neutralizing antibodies induced by vaccinatisiith BA.4/5 to be the most significant one.
However, BA.2 breakthrough infection could remaltiatlevated neutralization titers against all

different variants, especially titers against BAr®l its derivative sub-lineages.


https://doi.org/10.1101/2022.08.04.502716
http://creativecommons.org/licenses/by-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2022.08.04.502716; this version posted August 6, 2022. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made

available under aCC-BY-ND 4.0 International license.

A
SD1/SD2
'SARS-CoV-2 Pango lineages
BA.11/BA.1.1.18/BA.1.1.2/BA.1.1.1/BA.1.1.14/BA.1.1.15/BA.1.1.13/BA.1.1.16/BA|
BA.1/BA.1.15/BA.1.17/BA.1.18/BA.1.14/BA.1.21/BA.1.14.1/BA.1.13.1/BA.1.13/BA
BA3
BA.2/B, 9/B; 3/BA.2.10/B. /B 1/BA.2.37/BA.2.8/B, 65/B,
BA231
BA2101
BA2121
BA.2 13/BA.2.56/B, 9.1/B, 1
B4 4BASIBAS UBAS? UBASIBASEBAS L UBASITE
Deltaeltar
B 3xBBIBP 2xBBIBP + ZF2001 BA.2 Breakthrough
105 2.1X 53X 5.8X 4.1% 3.9X 34X 4.7X 3.8X 4.8¥ 84X 17X 7.6X 94X 9.6X 10.1X 10.4X 12.5X 12.3X 12.7X 14.2X 7.2X 8.5X 10.8X 26X 31X 27X 25X 3.2X 56X 6.7X
P ] 278 133 52 48 6 71 8% 5 74 58 33 1179 693 155 125 123 117 113 o4 9% 9 8 T 3130 436 367 290 1183 1002 1142 1255 978 556 467
w
[=pres
1]
=
@ 10°
(7]
E
E 102+
2
g
© 10" : ‘ o v
LI IUL B S B B B BN B BN B | T L 1T T 7T LN B B B B |
WA A AN 0D 02 ad oA gh A 15 05 WA Tepd ANpRpT a0 e R g0 BB S 4 A AN B on T ad (B N KD 1D B
ALTo o g g 9,300 A AL o] » SR Ll O RN S NP QR on AT g Bl 3 A0 AL 9 A% 100
IR T A S e Ve (AN oA T BT O N o e o
C
105+ p<0.0001 p=0.0358 p=0.0006 p=0.0008 p=0.0008 p<0.0001 p<0.0001 p=0.0003 p<0.0001 p=0.0003 p<0.0001 P<0.0001
o X|
o p=0.0015 p=0.0011 p=0.0281 p=0.1844 P=0.0631 p=0.2475 Pp=0.24756 p=0.6842 p=0.3931 p=04813 p=03150 p=0.0649 3xBBIBP
0
o 1044 S . 2xBBIBP+ZF2001
2 w o Lo 4
E % : i 2 i 4 M :
ooa N 3 = . . ES Y a
E 103_£ L. a; z & a a2 s % m & & & BA.2 Breakthrough
4 ? 51 N . o @ .t : -
8 102z 172 35% mae %é“f“‘s":&n%ﬁnu‘“"*‘f?.@ni
<] -1z o o ERE T oano ot : E .
2 i B : H ‘. kS a8 B2 ; & mosoa
& ¥ = 7.0 mED BY w0 Lo R fr ¥
o
ﬁ 1014 | El 5 o u & o
a oo o o a
100
v T T T T T T T T T T T T
YV N Vv N N o \d v
N K (ol N U ol > o NG o »
© ? \o Q Q' Vv a > 4 4 \a
N 2 (o ) ) i i L2
> Q' ¥ Pl

Figure 1. Characteristics and sera neutralization of the Omicron sub-lineages.

(A) Prevalence and Spike mutations of the Omicron méafjes and Delta variant based on all
the sequences available on GISAID since Jar2a22.

(B) Neutralization of pseudotyped WT (D614G), Delta &wicron sub-lineage viruses by sera
collected from individuals at day 14 after vaccethtvith a BBIBP-CorV homologous booster or
with a ZF001 heterologous booster dose following teses of BBIBP-CorV, or infected by
BA.2 virus after three doses of BBIBP-CorV vaccioat For all panels, values above the symbols
denote geometric mean titer and the fold-changecatsilated by comparing the titer to WT.

(C) In parallel comparisoof neutralization titers against distinct SARS-CoV&iants by sera
collected from individuals at day 14 after vaccathtvith homologous or heterologous booster, or
breakthrough infected with BA.2 virusP values were determined by using Multiple
Mann-Whitney tests.
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Supplementary Methods

Serum samples

Sera from individuals who received three doses BIE®-CorV or two
doses of BBIBP-CorV plus ZF2001 vaccine were ctddcat Huashan
Hospital, Fudan University 14 days after the fidake. Sera were also
obtained from patients after 14 days of SARS-CoW2akthrough
infection caused by Omicron BA.2 variant after immaing with
three-dose inactivated vaccines (CoronaVac or BBI®PY/). All
collections were conducted according to the gundsliof the Declaration
of Helsinki and approved by the Institutional ReviBoard of the Ethics
Committee of Huashan Hospital (2021-041 and 20Z-74ll the

participants provided written informed consents.

Construction and production of variant pseudoviruses

Plasmids encoding the WT (D614G) SARS-CoV-2 spikd @®micron
sub-lineage spikes, as well as the spikes with lsiray combined
mutations were synthesized. Expi293F cells weravgreo 3x16/mL
before transfection with the indicated spike gesiag Polyethylenimine
(Polyscience). Cells were cultured overnight at’@7with 8% CQ and
VSV-G pseudo-typedAG-luciferase (GAG-luciferase, Kerafast) was
used to infect the cells in DMEM at a multiplicity infection of 5 for 4 h

before washing the cells with 1xDPBS three timese hext day, the
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transfection supernatant was collected and cldrifig centrifugation at
300g for 10 min. Each viral stock was then incubbavath 20% I1
hybridoma (anti-VSV-G; ATCC, CRL-2700) supernatéot1 h at 37 °C
to neutralize the contaminating VSV-G pseudotypé&itluciferase virus

before measuring titers and making aliquots totbeed at —80 °C.

Pseudovirus neutralization assays

Neutralization assays were performed by incubapsgudoviruses with
serial dilutions of monoclonal antibodies or seaad scored by the
reduction in luciferase gene expression. In briéfro E6 cells were
seeded in a 96-well plate at a concentration of02xcklls per well.
Pseudoviruses were incubated the next day withlsditutions of the test
samples in triplicate for 30 min at 37 °C. The mnt was added to
cultured cells and incubated for an additional 2Z&He luminescence was
measured by Luciferase Assay System (Beyotime) Was defined as
the dilution at which the relative light units wereduced by 50%
compared with the virus control wells (virus + sglafter subtraction of
the background in the control groups with cellsyorlhe 1G, values

were calculated using nonlinear regression in GPaphPrism.

Analysis of spike mutations and prevalence of SARS-CoV-2 variants

The coverage of each lineage group was summarigedobnting the


https://doi.org/10.1101/2022.08.04.502716
http://creativecommons.org/licenses/by-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2022.08.04.502716; this version posted August 6, 2022. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-ND 4.0 International license.

submission records of each lineage in the samepgsmce 2022 from
GISAID database (Accessed on 30 July, 2022). Thealjes were
grouped together if they share same mutations iaast 60% submitted
sequences in spike protein. Lineages with prefiX™“Avere grouped as
Delta+ lineage. The mutation data of each lineageewetrieved using R
package outbreakinfo with lookupSublineages() and
getMutationsByLineage() functions. We then filteradd counted the
submission records of each lineage and calculdteddoverage of each
lineage group. Only lineages with both mutationadahd submission

records were taken into account.
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Table S1. Baseline characteristics of enrolledigipents, including Omicron BA.2
breakthrough infection, BBIBP-CorV homologous beosgroup and BBIBP-CorV/
ZF2001 heterologous booster group.

Omicron BA.2| BBIBP-CorV BBIBP-CorV/ZF2001 | P value
breakthrough | homologous heterologous booster
infection booster  dose dose (n=10)
(n=12) (n=10)
Age(years), 26(21-31) 28(19-33) 22.5(23-51) 0.02
median(range)
Male, n(%) 4(33.33%) 4(40.00%) 3(30.00%) 0.90
BMI(kg/m?),mean(SD) | 22.02(2.52) 20.87(2.38) 21.18(2.4) 0.56
Comorbidities(%)
Any, n(%) 1(8.30%) 1(10.00%) 0(0.00%) 0.63
Tumor, n(%) 0(0.00%) 1(10.00%) 0(0.00%)
Others, n(%) 1(8.30%) 0(0.00%) 0(0.00%) 0.63
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Figure S2. Neutralization activity comparison of BA.2 brealdhgh infection sera against BA.2
and other variants.


https://doi.org/10.1101/2022.08.04.502716
http://creativecommons.org/licenses/by-nd/4.0/

