bioRxiv preprint doi: https://doi.org/10.1101/2021.12.24.474138; this version posted December 27, 2021. 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(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity.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-NC-ND 4.0 International license.

Homologous or Heter ologous Booster of I nactivated Vaccine Reduces

SARS-CoV-2 Omicron Variant Escape from Neutralizing Antibodies

Xun Wangd”, Xiaoyu Zhad”, Jieyu Song”, Jing Wi, Yuqi Zzhi**, Minghui Li,
Yuchen Cul, Yanjia Chen, Lulu Yand, Jun Lit**, Huanzhang zHl Shibo Jiang
Pengfei Wany®”

!Shanghai Institute of Infectious Disease and Bioggg School of Life Sciences,
Fudan University, Shanghai 200438, China

“Department of Infectious Diseases, Huashan Hospifiiliated with Fudan
University, Shanghai 200040, China

3State Key Laboratory of Genetic Engineering andilreying Research Center of
Gene Technology, Ministry of Education, Instituté @enetics, School of Life
Sciences, Fudan University, Shanghai 200438, China

“Fubio (Suzhou) Biomedical Technology Co., Ltd.

°Key Laboratory of Medical Molecular Virology (MOEHKC/CAMS), School of Basic

Medical Sciences, Shanghai Institute of Infecti@isease and Biosecurity, Fudan
University, Shanghai 200032, China

*These authors contributed equally

"Correspondence and requests for materials shouldddeessed to Pengfei Wang
(pengfei_wang@fuan.edu.xn

Abstract
The massive and rapid transmission of SARS-CoV<£ led to the emergence of

several viral variants of concern (VOCs), with thest recent one, B.1.1.529
(Omicron), which accumulated a large number of espilutations, raising the specter
that this newly identified variant may escape frtme currently available vaccines
and therapeutic antibodies. Using VSV-based pseudgwe found that Omicron

variant is markedly resistant to neutralization sdra form convalescents or

individuals vaccinated by two doses of inactivate@ehole-virion vaccines
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(BBIBP-CorV). However, a homologousnactivated vaccine booster or a
heterologous booster with giein subunitvaccine (ZR001) significantly increased

neutralization titers to both WT and Omicron vatiavioreover, at day 14 post the
third dose, neutralizing antibody titer reductia@r Omicron was less than that for
convalescents or individuals who had only two dasfehe vaccine, indicating that a
homologous or heterologous booster can reduce thdcron escape from

neutralizing. In addition, we tested a panel oSBRS-CoV-2 monoclonal antibodies
(mAbs). Omicron resists 7 of 8 authorized/approwetlbs, as well as most of the
other mAbs targeting distinct epitopes on RBD adtdNTaken together, our results
suggest the urgency to push forward the boosterivaiton to combat the emerging

SARS-CoV-2 variants.

I ntroduction

Coronavirus disease 2019 (COVID-19), caused byreeaeute respiratory syndrome
coronavirus 2 (SARS-CoV-2), continues to disruptrldwide social and economic
equity, and global public health. As of Decembe2R0more than 278 million

confirmed cases of COVID-19, including 5.4 milliateaths, have been reported

across the worldh{tps://www.worldometers.info/coronaviudhe massive and rapid

transmission of SARS-CoV-2 has led to the emergenhseveral viral variants, some
of which have raised high concern due to their ichma transmissibility, mortality

and putative capacity to escape from immune regsogenerated after infection or
vaccinatiol. Distributed throughout the world, the previousurfoaSARS-CoV-2

well-characterized SARS-CoV-2 variants of conceMOCs), including Alpha

(B.1.1.7), Beta (B.1.351), Gamma (P.1), and De&d.617.2), are responsible for a
second and third wave of the pandericOf note, the Beta (B.1.351) variant
displayed the greatest magnitude of immune evasmn both serum neutralizing
antibodies and therapeutic monoclonal antibodietiereas Delta (B.1.617.2)
exhibited even greater propensity to spread coupldtda moderate level of antibody

resistancs®.
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Recently, a new variant of SARS-CoV-2, Omicron (B.329), was first reported to
the World Health Organization (WHO) by South Afriea November 24, 2021. It has
been rapidly spreading and was immediately deseghas a VOC by WHO within
two days$® Strikingly, analysis of the genomic sequenceghef Omicron variant
revealed that its spike harbors a high number dhtians, including 15 mutations in
the receptor-binding domain (RBD), raising the $@ec¢hat this newly identified
variant may escape from the currently availablevess and therapeutic antibodies.
Moreover, the new variant shares several mutatvitts the previous VOC Alpha,
Beta, Gamma and Delta variants, which further chigbal concerns about its
transmissibility, pathogenicity, and immune evasiddere in this study, we
constructed the Omicron pseudovirus (PsV) and des$eneutralization sensitivity
against convalescent and vaccinee sera as wellpasel of monoclonal antibodies

(mAbs).

Results

A key question in the Omicron investigation thus ifaits putative ability to escape
immune surveillance. Therefore, we took steps tasuee and clarify the extent of
such immune evasion by this VOC after infectiorvaccination. To accomplish this,
we first evaluated the neutralizing activity of wer collected from 1@onvalescent
patients infected with the Delta variant of SARSVED (Supplementary Table 1).
Using VSV-based PsVs, we observed robust titersnsg&VT virus in all 10 sera,
with the geometric mean neutralizing titers (GMD$)about 1,100. However, the
Omicron variant was markedly resistant to neutadiln by convalescent plasma.
Only 3 out of the 10 sera showedséDiters above the lower limit of quantification
(LOQ) and a significant drop (>26-fold) compared \(Flgure 1a and Supplementary
Figure la). We then assessed the neutralizing ityctdof sera from individuals
vaccinated by two doses of inactivated whole-viriwaccines (BBIBP-CorV)
(Supplementary Table 1). Here, we found that theTGligainst WT was 84 with 80%

vaccinees showing positive neutralization activithjle only 10% vaccinees showed
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successful neutralization against Omicron (Figureafid Supplementary Figure 1b).

This first impression of Omicron’s immune evasiapability was indeed striking.

Then we turned our attention to the efficacy of dieo shots now routinely
administered in many countries and reported todachigher immune resporis&@his
time, to measure and clarify the efficacy of vaechoosters against the Omicron
variant, we collected samples from healthy adulisowhad a third boosting
vaccination shot with either an inactivated whalgen vaccine (BBIBP-CorV,
homologous booster group) or a protein subunitimecZF2001, hoterogous booster
group) administered at an interval of 4-8 monthBofdng previous priming
vaccination by two doses of BBIBP-CorV vaccine (flementary Table 1). Here, we
found that booster vaccine significantly increafesl titer of neutralizing antibodies
against both the WT and Omicron variant. For the Wiis, the booster improved the
neutralization titer more than 45-fold (GMT = 1,263&nd for Omicron, the titer
increased about 4-fold (GMT = ?, Figure 1c and S&ippntary Figure 1c-d). At day
14 post the booster dose, whether homologous erdietjous, the neutralization titer
for Omicron was significantly reduced for the btile homologous or heterologous
booster, about 11-fold in comparison to WT. Howevke reduction fold was less
than that for convalescents and the proportioneo& setain active was higher than
that of individuals who had only two doses of imzaied vaccine (70-80%s 10%)
(Figure 1d and Supplementary Figure 1d). These Itsesudicate that either
homologous or heterologous booster can reduce mier@n escape from neutralizing

antibodies.

To understand which types of antibodies in seruse kbeir activity against Omicron,
we further evaluated the neutralization profile af panel of mAbs targeting
SARS-CoV-2 spike (Supplementary Figure 2). Thesebsniicluded most that have
been authorized or approved for clinical use: REGO&Y (imdevimaly,
REGN10933 (casirivimah}, LY-CoV555 (bamlanivimad}, CB6/LY-CoV016
(etesevimalf, S309 (sotrovimahj, COV2-2130 (cilgavimall§, COV2-2196
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(tixagevimab3*, and CT-P59 (regdanvimaf)all of which are directed to RBD. Here,
we found that 7 out of 8 mADbs tested completelyt ibeir neutralizing activity
against the Omicron variant. The only approvedbaaly that retained its neutralizing
activity was S309, but still only about a 7-folduetion compared to WT (Figure 2,
left panel). We further tested some other RBD-de@eéanAbs of interest, including
ADG-2'® which is now under development by Adagio Theréipspand four more
antibodies from our own collection, including 1}502-157, 2-7’, and 2-38"'8
belong to class 1-4, respectively. The inabilitytltése RBD mAbs to match the risk
posed by Omicron was again apparent since all fivkbs tested lost their
neutralizing activity, either completely (1-20, 3;knd 2-7), or partially (ADG-2 and
2-36) (Figure 2, middle panel). We then assessedn#utralizing activity of four
N-terminal domain (NTD)-directed mAbs against Oraitend WT viruses, including
three targeting the antigenic supersite (5-24, 4at8l 4-19)'° and one targeting a
distinct site on the NTD (5-¥)*° As shown in the right panel of Figure 2, the \ati
against Omicron of the supersite-directed mAbs tegally abolished, but only 5-7

retained its activity partially.

Discussion

The SARS-CoV-2 Omicron variant struck the world rsadter its identification. The
retrospective analysis of epidemiological surveite data in South Africa showed
that Omicron is associated with a higher rate offeetiort”. Besides, the protection
against infection of Omicron from symptomatic dseaat 25 weeks after 2-dose
vaccination was suggested to be less than 10% eénUK?’. Similar to these
preliminary real-world data, here we reported thanarkedly reduced neutralizing
activity against Omicron variant in the convalescand two-dose BBIBP-CorV
vaccination group, which is also confirmed by osfit?. However, the good news is
that after two doses of inactivated vaccines asgheing” shot, a third homologous
inactivated vaccine booster or a heterologous pratebunit vaccine booster could
elevate neutralization titer against Omicron. Oesufts are quite comparable to

studies on the same inactivated vactime other vaccinég, and again supported by
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the real-world data showing a third dose boostercivation provides increased

protection against Omicréh

We further investigated the immune evasion capaoityOmicron with mAbs
targeting different regions of viral spike protei@omparable to otheTs our data
suggest the substantial lose of neutralizing agti&gainst Omicron by many mAbs,
however, there might be still some conserved #itd&BD (S309 sit&) or NTD (5-7
site?®) that could be targeted by antibodies. A vaccioesker, either homologous or
heterologous, is expected to elicit such neutragizantibodies that help reduce the
Omicron variant escape and improve the proteclityerefore, it is advisable to push

forward booster shots where conditions permit.

M ethods

Serum samples

Convalescent plasma samples (n=10) were obtaioed gatients after 3-4 months of
SARS-CoV-2 breakthrough infection caused by Deblaant in July 2021. Among

them, 9 participants were immunized with two-dossctivated vaccines (CoronaVac)
pre-infection. Sera from individuals who receivea tor three doses of BBIBP-CorV
or ZF2001 vaccine were collected at Huashan Hdsgitadan University 14 days
after the final dose. All collections were condacgecording to the guidelines of the
Declaration of Helsinki and approved by the Ingitoal Review Board of the Ethics
Committee of Huashan Hospital (2021-041 and 2074l the participants

provided written informed consents.
M onoclonal antibodies
Monoclonal antibodies tested in this study werestmcted and produced at Fudan

University.

Construction and production of variant pseudovir uses
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Plasmids encoding the WT (D614G) SARS-CoV-2 spikel @©micron variant
(B.1.1.529) spike were synthesized. Expi293 celsengrown to 3x10mL before
transfection with the spike gene using Polyethytene (Polyscience). Cells were
cultured overnight at 37°C with 8% GQ@nd VSV-G pseudo-typedG-luciferase
(G*AG-luciferase, Kerafast) was used to infect thesdaalDMEM at a multiplicity of
infection of 5 for 4 h before washing the cellsmitxDPBS three times. The next day,
the transfection supernatant was collected andfieiuby centrifugation at 300g for
10 min. Each viral stock was then incubated wit&2Q hybridoma (anti-VSV-G;
ATCC, CRL-2700) supernatant for 1 h at 37 °C totradize the contaminating
VSV-G pseudotypedG-luciferase virus before measuring titers and mgkiliquots

to be stored at —-80 °C.

Pseudovirus neutr alization assays

Neutralization assays were performed by incubatpsgudoviruses with serial
dilutions of monoclonal antibodies or sera, andaddy the reduction in luciferase
gene expression. In brief, Vero E6 cells were sgene a 96-well plate at a
concentration of 2xT@ells per well. Pseudoviruses were incubated thedey with
serial dilutions of the test samples in triplic&de 30 min at 37 °C. The mixture was
added to cultured cells and incubated for an aafthli 24 h. The luminescence was
measured by Luciferase Assay System (Beyotime).W@s defined as the dilution at
which the relative light units were reduced by 568tmpared with the virus control
wells (virus + cells) after subtraction of the bgaund in the control groups with
cells only. The IG values were calculated using nonlinear regressic@raphPad

Prism.

Data availability
Materials used in this study will be made availablg may require execution of a
materials transfer agreement. All the data are igeav in the paper or the

Supplementary Information.
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Figure 1. Neutralization of pseudotyped WT (D614G) and Ommci@®.1.1.529)
viruses by convalescent sei, (sera collected at day 14 post 2-dose BBIBP-CorV
(b), sera collected before vs. at day 14 post theteoaosed), and sera collected at
day 14 post-BBIBP-CorV or -ZF001 booster dodg For all panels, values above the
symbols denote geometric mean titer and the numipegarentheses denote the
proportion of positive sera with 9 above the LOQ (dotted lines, >1:5@).values

were determined by using a Wilcoxon matched-paisesi-rank test (two-tailed).
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Figure 2. Neutralization of pseudotyped WT (D614G) and Ommci@®.1.1.529)
viruses by mADbs targeting different epitopes.
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