bioRxiv preprint doi: https://doi.org/10.1101/2024.03.07.583823; this version posted March 8, 2024. 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(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity.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

10

15

made available under aCC-BY-NC-ND 4.0 International license.

Antigenicity assessment of SARS-CoV-2 saltation variant BA.2.87.1

Sijie Yang!*** Yuanling Yu**, Fanchong Jian'*#, Ayijiang Yisimayi**

, Weiliang Song'**, Jingyi
Liu'*¢, Peng Wang?, Yanli Xu’, Jing Wang?, Xiao Niu'**, Lingling Yu?, Yao Wang?, Fei Shao?,

Ronghua Jin’, Youchun Wang??#, Yunlong Cao'-*%*

'Biomedical Pioneering Innovation Center (BIOPIC), Peking University, Beijing, P. R. China.
’Changping Laboratory, Beijing, P. R. China.

3Peking-Tsinghua Center for Life Sciences, Tsinghua University, Beijing, P. R. China.

“College of Chemistry and Molecular Engineering, Peking University, Beijing, P. R. China.
3School of Life Sciences, Peking University, Beijing, P. R. China.

®College of Future Technology, Peking University, Beijing, P. R. China.

"Beijing Ditan Hospital, Capital Medical University, Beijing, P. R. China.

8Institute of Medical Biology, Chinese Academy of Medical Science & Peking Union Medical
College, Kunming, P. R. China

*Correspondence: Yunlong Cao (yunlongcao@pku.edu.cn).

*These authors contributed equally.


https://doi.org/10.1101/2024.03.07.583823
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2024.03.07.583823; this version posted March 8, 2024. 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(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity.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.

Abstract

The recent emergence of a SARS-CoV-2 saltation variant, BA.2.87.1, which features 65 spike
mutations relative to BA.2, has attracted worldwide attention. In this study, we elucidate the
20  antigenic characteristics and immune evasion capability of BA.2.87.1. Our findings reveal that
BA.2.87.1 is more susceptible to XBB-induced humoral immunity compared to JN.1. Notably,
BA.2.87.1 lacks critical escaping mutations in the receptor binding domain (RBD) thus allowing
various classes of neutralizing antibodies (NADbs) that were escaped by XBB or BA.2.86 subvariants
to neutralize BA.2.87.1, although the deletions in the N-terminal domain (NTD), specifically 15-
25  23del and 136-146del, compensate for the resistance to humoral immunity. Interestingly, several
neutralizing antibody drugs have been found to restore their efficacy against BA.2.87.1, including
SA58, REGN-10933 and COV2-2196. Hence, our results suggest that BA.2.87.1 may not become
widespread until it acquires multiple RBD mutations to achieve sufficient immune evasion

comparable to that of IN.1.
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Recently, BA.2.87.1 gained wide attention for its expansion with striking number of spike
mutations'2. This novel saltation variant harbors 65 mutations on the Spike glycoprotein, notably
including two unique extensive NTD deletions 15-26del and 136-146del, and RBD substitutions
35  suchas K417T, K444N, V445G, L452M, and N481K (Figure 1A). With eight sequences originating
from South Africa in the last quarter of 2023 and one travel-related sequence in USA, it was
officially designated in February 2024 and has then been tracked by USA CDC (Centers for Disease
Control and Prevention)’. Some of the prior saltation variants of SARS-CoV-2 have demonstrated
profound capability of evading humoral immunity induced by vaccinations and infections due to
40  the substantial mutations and antigenic difference, with the most notable examples Omicron BA.1,
BA.2.75 and the recent JN.1*!7 (Figure 1B). Consequently, it is imperative to rapidly assess

BA.2.87.1 potential increases in immune resistance.

First, to investigate BA.2.87.1's potential for humoral immune escape, vesicular stomatitis virus
45  (VSV)-based pseudovirus neutralization assays were performed on plasma samples obtained from
participants (n=54) who underwent BA.5/BF.7 breakthrough infection (BTI) after three doses of
ancestral-strain inactivated vaccination, and then re-infected with XBB*+486P (Figure 1C and
Table S1). The results suggested that pseudovirus bearing the BA.2.87.1 spike protein demonstrated
superior evasion to XBB. 1.5, indicated by a 70% percent decrease in 50% neutralizing titers (NT50).
50  However, it exhibited lower ability to evade humoral immunity induced by BA.5/BFE.7 BTI and
XBB reinfection when compared to JN.1, with a 1.6-fold higher NT50. To evaluate the impact of
the two long NTD deletions on plasma immune escape, two NTD segments of BA.2 (the precursor
of BA.2.87.1) on the -corresponding residues 15-23 (CVNLITRTQ) and 136-146
(CNDPFLDVYYH) were inserted into BA.2.87.1 pseudovirus and tested for plasma neutralization.
55  Both the reversion of 15-23del and 136-146del significantly dampen the antibody evasion of
BA.2.87.1, with 2.5-fold and 1.3-fold increase in NT50, respectively. In summary, neutralization
experiments with human plasma revealed that NTD deletion profoundly contributed to the plasma
escape of BA.2.87.1, allowing it to exhibit higher immune evasion capability than BA.2 and

XBB.1.5. However, its overall immune evasion strength was not comparable to that of JN.1.
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Subsequently, we evaluated the neutralizing potency of a collection of BA.2-effective monoclonal
antibodies (mAbs) derived from repetitive Omicron infections that target various epitopes of RBD,
as defined in our previous studies, to further interrogate BA.2.87.1’s immune escape capability and
mechanism (Figure 2A)*!82!1, Most of the mAbs involved remain reactive to XBB.1.5 as well. We
65  found that BA.2.87.1 could be easily neutralized by most of the antibodies in the A1, A2, B and F3
epitope groups (Class 1, Class 2 and Class 1/4 antibodies), which directly compete with the binding
of host angiotensin-converting enzyme 2 (ACE2) to realize potent inhibition”*!. In contrast, the
previously and recently circulating evasive variants, including HK.3.1, JD.1.1 and JN.1, could
efficiently escape these antibodies due to their escape mutations on the Spike receptor-binding motif
70  (RBM). Specifically, the "FLip" mutation (L455F + F456L) of HK.3.1 improved its ability to evade
A1l and A2 antibodies, and the additional A475V mutation carried by JD.1.1 further enhances the
evasion??. Furthermore, the lack of F486P but the achievement of N481K mutation of BA.2.87.1
compared to XBB.1.5 lineages demonstrated its relatively weak yet distinct escape pattern against
Group B antibodies*’. Without the R346T and K356T mutations, BA.2.87.1 could not efficiently
75  evade Class 3 antibodies (Group D3, D4, E1/E2.1)**. In addition, JN.1+R346T showed slightly
enhanced resistance to antibodies from Class 3. These observations suggest that BA.2.87.1, despite
being antigenically distinct, typically demonstrates less resistance to various classes of RBD-

targeting antibodies compared to JN.1.

80  As for the therapeutic antibodies, SAS5 maintained consistent effectiveness against BA.2.87.1
(Figure 2B)*. REGN-10933 and COV2-2196, which target the B epitope, regained their
neutralizing capacity against BA.2.87.1, likely due to the absence of mutations on F486, which was
usually mutated to Val, Ser, or Pro in existing BA.5, XBB.1.5, and BA.2.86 subvariants®?.
Similarly, the SAS58 antibody also restored its potency, attributable to the lack of G339H and R346T

85  mutations?>. Moreover, BA.2.87.1 was also unable to resist the SD1-targeting S3H3 without the
E554K mutation which was carried by the BA.2.86 lineages®®. Nevertheless, due to the K444N and
L452M mutations, BA.2.87.1 exhibited robust resistance to Group D1/D2 antibodies, such as
REGN-10987, LY-CoV1404, and COV2-2130%%*-3_ As for Class 1 broad-spectrum antibodies,

Omi-42 exhibited substantially compromised neutralization, while BD55-1205, which belonged to


https://doi.org/10.1101/2024.03.07.583823
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2024.03.07.583823; this version posted March 8, 2024. 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.

90 the public IGHV3-53/3-66 NAb group, maintained its neutralization potency against all tested

variants>>"!,

Discussion

Consistent with the recent research', our findings highlight that the NTD deletions, particularly the

95 15-23del, significantly contribute to the evasion of BA.2.87.1. Such long stretches of NTD deletions
are frequently observed in persistent evolution, underscoring the need to monitor the intra-host
persistent evolution of SARS-CoV-23234 We also observed a partial recovery of therapeutic
antibodies®. However, it is highlighted that BA.2.87.1 demonstrates weaker immune resistance to

the currently dominant variant JN.1. Our results also emphasized that BA.2.87.1 cannot counteract

100 Group A and B antibodies without mutations such as L455S, L455F, F456L, A475V and F486P,
which are present in JN.1 and JD.1.1. Furthermore, in the absence of mutation at position R346 or

K356, its exhibit weak capability of escape NAbs in the E1/E2.1 epitope group. These
characteristics collectively suggest that BA.2.87.1 is not likely to outcompete current JN.1 and XBB
subvariants without substantially further antigenic drift on the RBD, given the current population-

105  level immunity established by the repeated vaccinations and infections. Although BA.2.87.1 is
relatively weak in terms of antigenicity, its other virological characteristics and potential of
accumulating additional RBD mutations during regional circulation should be closely evaluated and

monitored.
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Plasma isolation
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Blood samples were obtained from individuals who had recovered from or been re-infected with the
SARS-CoV-2 Omicron BTI variant, following the research protocol approved by Beijing Ditan
205  Hospital, affiliated with Capital Medical University (Ethics Committee archiving No. LL-2021-024-
02), the Tianjin Municipal Health Commission, and the Ethics Committee of Tianjin First Central
Hospital (Ethics Committee archiving No. 2022N045KY). Prior to sample collection, all
participants provided written informed consent, consenting to the collection, storage, and utilization
of their blood samples solely for research purposes, as well as the subsequent publication of
210  associated data. Patients in the reinfection group were initially infected with the BA.5/BF.7 variants
in December 2022 in Beijing and Tianjin, China®®. From December 1, 2022, to February 1, 2023,
over 98% of the sequenced samples obtained were identified as BA.5* (excluding BQ*), primarily
consisting of the subtypes BA.5.2.48* and BF.7.14*, which typically represented the BA.5/BF.7
variants during this period. Subsequently, patients in the XBB BTI cohort and those with secondary
215  infections in the reinfection group were infected between May and June 2023. Over 90% of the
sequencing samples from Beijing and Tianjin during this period corresponded to the XBB*+486P

variant. These infections were confirmed by polymerase chain reaction (PCR) or antigen testing.

Whole blood was diluted 1:1 with a solution of phosphate-buffered saline (PBS) supplemented with
2% fetal bovine serum (FBS). Following this, Ficoll gradient centrifugation (Cytiva, 17-1440-03)
220  was performed. After centrifugation, the plasma was collected from the upper layer. The plasma
samples were then stored in aliquots at 20° C or below and were heat-inactivated before subsequent

experiments.

Pseudovirus preparation

225  SARS-CoV-2 spike protein pseudovirus was produced based on vesicular stomatitis virus (VSV)
pseudovirus packaging system>®. To enhance the spike protein's expression efficiency in mammalian
cells, the spike protein gene was codon-optimized and inserted into the pcDNA3.1 expression
plasmid, utilizing the BamHI and Xbal restriction enzyme sites. During pseudovirus production, the
SARS-CoV-2 spike protein expression plasmid was transfected into 293T cells(American Type

230  Culture Collection (ATCC, CRL-3216). Following transfection, the 293T cells were infected with

G* A G-VSV virus (VSV-G pseudotyped virus, Kerafast) in the cell culture supernatant. The
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pseudovirus was then collected from the supernatant, harvested and filtered. The collected

pseudovirus was aliquoted and stored at -80° C for future use.

Pseudovirus neutralization assays

Pseudovirus neutralization assays were conducted utilizing the Huh-7 cell(Japan Collection of
Research Bioresources [JCRB], 0403). Plasma samples or monoclonal antibodies were serially
diluted and then mixed with pseudovirus. After incubation at 37° C with 5% CO2 for 1 hour,
digested Huh-7 cells were added and incubated for 24 hours at 37° C. The supernatant was
discarded, and the mixture was incubated with D-Luciferin reagent (PerkinElmer, 6066769) for 2
minutes in the dark. The cell lysate was then transferred to a detection plate, and luminescence
intensity was measured using a microplate spectrophotometer (PerkinElmer, HH3400). IC50 values

were determined using a four-parameter logistic regression model®’.

Methods References

35. Pan, Y. et al. Characterisation of SARS-CoV-2 variants in Beijing during 2022: an
epidemiological and phylogenetic analysis. The Lancet 401, 664—-672 (2023).

36. Li, Q. et al. The Impact of Mutations in SARS-CoV-2 Spike on Viral Infectivity and
Antigenicity. Cell 182, 1284-1294.¢9 (2020).

37. Nie, J. et al. Establishment and validation of a pseudovirus neutralization assay for SARS-

CoV-2. Emerg. Microbes Infect. 9, 680—686 (2020).

Figure Legends

Figure 1 | Spike mutations, phylogeny and plasma neutralization resistance of BA.2.87.1

(A) Mutations on the spike glycoprotein of BA.2, XBB.1.5, JN.1, and BA.2.87.1. Purple square
indicates the presence of the mutations in each variant, while sky blue square indicates the absence

of the mutations. The domains of the mutations on the Spike protein are annotated above.
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(B) Unrooted phylogenetic tree of the Spike glycoprotein of prevalent SARS-CoV-2 variants.
(C) The 50% neutralizing titers (NT50) of convalescent plasma from individuals who experienced
260  breakthrough infections with BA.5 or BE.7 followed by reinfection with XBB*+486P subvariants
(n=54) against SARS-CoV-2 variants. Geometric mean titers, relative fold changes, and statistical
significance are annotated above each group. The dashed line represents the limit of detection (50%
neutralizing titer=10), and the number of negative samples is indicated below it. Paired samples
were analyzed by two-tailed Wilcoxon signed-rank test. ***p< 0.001, ****p< (0.0001.
265
Figure 2 | Neutralization of monoclonal antibodies against BA.2.87.1
(A) The 50% inhibitory concentration (IC50, 1 g/mL) of a panel of BA.2-effective monoclonal
neutralizing antibodies targeting distinct RBD epitopes (determined by DMS) against BA.2, BA.S,
XBB.1.5, HK.3.1,JD.1.1, BA.2.86, JN.1, JN.1+R346T, and BA.2.87.1 mutants. Epitope groups are
270  annotated above. The intensity of red represents the magnitude of the IC50 values.
(B) IC50 ( 1 g/mL) of approved or candidate monoclonal neutralizing antibody drugs targeting the

RBD or SD1 regions of the spike protein, against BA.2 and BA.2.87.1 pseudoviruses.

Supplementary Tables

275  Table S1 | Details of SARS-CoV-2 convalescent individuals involved in the study

Table S2 | Sequences information of the constructed SARS-CoV-2 pseudoviruses
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