{: SCISPACE

formerly Typeset

@ Open access « Posted Content - DOI:10.1101/2021.01.27.427998
Neutralization of spike 69/70 deletion, E484K, and N501Y SARS-CoV-2 by BNT162b2
vaccine-elicited sera — Source link [£

Xuping Xie, Yang Liu, Jianying Liu, Xianwen Zhang ...+10 more authors

Institutions: University of Texas Medical Branch, Pfizer

Published on: 27 Jan 2021 - bioRxiv (Cold Spring Harbor Laboratory)

Topics: Neutralization

Related papers:

+ Neutralization of SARS-CoV-2 spike 69/70 deletion, E484K and N501Y variants by BNT162b2 vaccine-elicited
sera.

« mRNA-1273 vaccine induces neutralizing antibodies against spike mutants from global SARS-CoV-2 variants
« mRNA vaccine-elicited antibodies to SARS-CoV-2 and circulating variants.
« Tracking Changes in SARS-CoV-2 Spike: Evidence that D614G Increases Infectivity of the COVID-19 Virus.

« Safety and Efficacy of the BNT162b2 mRNA Covid-19 Vaccine.

Share thispaper: @ ¥ M ™

View more about this paper here: https:/typeset.io/papers/neutralization-of-spike-69-70-deletion-e484k-and-n501y-sars-
3jndkea53k


https://typeset.io/
https://www.doi.org/10.1101/2021.01.27.427998
https://typeset.io/papers/neutralization-of-spike-69-70-deletion-e484k-and-n501y-sars-3jn4kea53k
https://typeset.io/authors/xuping-xie-22vd7jd0vm
https://typeset.io/authors/yang-liu-3cjevgsur5
https://typeset.io/authors/jianying-liu-2d2kdgdo9s
https://typeset.io/authors/xianwen-zhang-3gwaxsas5v
https://typeset.io/institutions/university-of-texas-medical-branch-u3k6173d
https://typeset.io/institutions/pfizer-2mxcc4vc
https://typeset.io/journals/biorxiv-318tydph
https://typeset.io/topics/neutralization-1zu1t1kf
https://typeset.io/papers/neutralization-of-sars-cov-2-spike-69-70-deletion-e484k-and-3z5oo5s9bz
https://typeset.io/papers/mrna-1273-vaccine-induces-neutralizing-antibodies-against-2ikm3h6arz
https://typeset.io/papers/mrna-vaccine-elicited-antibodies-to-sars-cov-2-and-40jcosg9wh
https://typeset.io/papers/tracking-changes-in-sars-cov-2-spike-evidence-that-d614g-3plu4zdknh
https://typeset.io/papers/safety-and-efficacy-of-the-bnt162b2-mrna-covid-19-vaccine-kz6rahelgo
https://www.facebook.com/sharer/sharer.php?u=https://typeset.io/papers/neutralization-of-spike-69-70-deletion-e484k-and-n501y-sars-3jn4kea53k
https://twitter.com/intent/tweet?text=Neutralization%20of%20spike%2069/70%20deletion,%20E484K,%20and%20N501Y%20SARS-CoV-2%20by%20BNT162b2%20vaccine-elicited%20sera&url=https://typeset.io/papers/neutralization-of-spike-69-70-deletion-e484k-and-n501y-sars-3jn4kea53k
https://www.linkedin.com/sharing/share-offsite/?url=https://typeset.io/papers/neutralization-of-spike-69-70-deletion-e484k-and-n501y-sars-3jn4kea53k
mailto:?subject=I%20wanted%20you%20to%20see%20this%20site&body=Check%20out%20this%20site%20https://typeset.io/papers/neutralization-of-spike-69-70-deletion-e484k-and-n501y-sars-3jn4kea53k
https://typeset.io/papers/neutralization-of-spike-69-70-deletion-e484k-and-n501y-sars-3jn4kea53k

BRIEF COMMUNICATION

https://doi.org/10.1038/5s41591-021-01270-4

nature o o
medicine

‘ '.) Check for updates

Neutralization of SARS-CoV-2 spike 69/70
deletion, E484K and N501Y variants by BNT162b2

vaccine-elicited sera

Xuping Xie
Hongjie Xia

Scott C. Weaver©®23, Philip R. Dormitzer ©®4™ and Pei-Yong Shi

We engineered three severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2) viruses containing key spike muta-
tions from the newly emerged United Kingdom (UK) and South
African (SA) variants: N501Y from UK and SA; 69/70-deletion
+ N501Y +D614G from UK; and E484K + N501Y +D614G
from SA. Neutralization geometric mean titers (GMTs) of
20 BTN162b2 vaccine-elicited human sera against the three
mutant viruses were 0.81- to 1.46-fold of the GMTs against
parental virus, indicating small effects of these mutations on
neutralization by sera elicited by two BNT162b2 doses.

We previously reported that BNT162b2, a nucleoside-modified
RNA vaccine that encodes the SARS-CoV-2 full-length,
prefusion-stabilized spike glycoprotein, elicited dose-dependent
SARS-CoV-2-neutralizing GMTs that were similar to or higher
than the GMT of a panel of SARS-CoV-2 convalescent human
serum samples’. We subsequently reported that, in a random-
ized, placebo-controlled trial of approximately 44,000 participants
16 years of age or older, a two-dose regimen of BNT162b2 conferred
95% protection against Coronavirus Disease 2019 (COVID-19)%

Since the previously reported studies were conducted, rapidly
spreading variants of SARS-CoV-2 have arisen in the UK, SA and
other regions®. These variants have multiple mutations in their
spike glycoproteins, which are key targets of virus-neutralizing anti-
bodies. The emerged spike mutations have raised concerns of vac-
cine efficacy against these new strains. The goal of this study was to
examine the effect of several key spike mutations from the UK and
SA strains on BNT162b2 vaccine-elicited neutralization.

Using an infectious complementary DNA (cDNA) clone of
SARS-CoV-2 (ref. °), we engineered three spike mutant viruses
on the genetic background of clinical strain USA-WA1/2020
(Supplementary Fig. 1). 1) Mutant N501Y virus contains the N501Y
mutation that is shared by both the UK and SA variants. This muta-
tion is located in the viral receptor-binding domain (RBD) for cell
entry, increases binding to the angiotensin-converting enzyme 2
receptor and enables the virus to expand its host range to infect
mice*®, 2) Mutant A69/70+N501Y +D614G virus contains two
additional changes present in the UK variants: amino acid 69 and 70
deletion (A69/70) and D614G substitution. Amino acids 69 and 70

18 Yang Liu'8, Jianying Liu%*8, Xianwen Zhang', Jing Zou', Camila R. Fontes-Garfias ®’,
!, Kena A. Swanson?, Mark Cutler#, David Cooper#, Vineet D. Menachery?3,
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are located in the N-terminal domain of the spike S1 fragment; dele-
tion of these residues might allosterically change S1 conformation®.
The D614G mutation is dominant in circulating strains around
the world”®. 3) Mutant E484K+N501Y +D614G virus addition-
ally contains the E484K substitution, which is also located in the
viral RBD. The E484K substitution alone confers resistance to sev-
eral monoclonal antibodies®'’. Compared to the wild-type (WT)
USA-WA1/2020 strain, the three mutant viruses showed similar
plaque morphologies on Vero E6 cells (Supplementary Fig. 2).

We tested a panel of human sera from 20 participants in the
previously reported clinical trial'?, drawn 2 or 4 weeks after immu-
nization with two 30-pg doses of BNT162b2 spaced 3 weeks apart
(Supplementary Fig. 3). All neutralization assays were done with the
same20serasamples, withthetwoexperiments (asdescribedintheFig. 1
legend) done at different times. Each serum was tested for neutraliza-
tion of WT USA-WA1/2020 strain and the three mutant viruses by a
50% plaque-reduction neutralization assay (PRNT; Supplementary
Tables 1 and 2). All sera showed equivalent neutralization titers
between the WT and mutant viruses, with differences of four-fold or
less (Fig. 1). Notably, ten out of the 20 sera had neutralization titers
against mutant A69/70+4N501Y + D614G virus that were twice their
titers against the WT virus (Fig. 1b), whereas six out of the 20 sera
had neutralization titers against mutant E484K+N501Y +D614G
virus that were half their titers against the WT virus (Fig. 1c). The
ratios of the neutralization GMTs of the sera against the N501Y,
A69/70+N501Y + D614G and E484K+N501Y +D614G viruses to
their GMTs against the USA-WA1/2020 virus were 1.46, 1.41 and
0.81, respectively (Supplementary Fig. 4).

Consistent with other recent reports of the neutralization of
SARS-CoV-2 variants or corresponding pseudoviruses by conva-
lescent or post-immunization sera'-'?, the neutralization GMT of
the serum panel against the virus with three mutations from the
SA variant (E484K+N501Y 4+ D614G) was slightly lower than the
neutralization GMTs against the N501Y virus or the virus with
three mutations from the UK variant (A69/70+N501Y + D614G).
However, the magnitude of the differences in neutralization GMTs
against any of the mutant viruses in this study was small (0.81- to
1.41-fold), as compared to the greater than four-fold differences in
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Fig. 1] PRNT,,s of 20 BNT162b2-vaccinated human sera against WT and
mutant SARS-CoV-2. a, WT (USA-WA1/2020) and mutant N501Y. b, WT
and A69/70+N501Y +D614G. ¢, WT and E484K + N501Y + D614G. Seven
(triangles) and 13 (circles) sera were drawn 2 and 4 weeks after the second
dose of vaccination, respectively. Sera with different PRNT.,s against WT
and mutant viruses are connected by lines. Results in a were from one
experiment; results in b and ¢ were from another set of experiments.

Each data point is the average of duplicate assay results.

hemagglutination-inhibition titers that have been used to signal
potential need for a strain change in influenza vaccines'.

A limitation of the current study is that the engineered viruses
do not include the full set of spike mutations found in the UK or
SA variants™. Nevertheless, preserved neutralization of N501Y,
A69/70+N501Y + D614G and E484K+N501Y +D614G viruses by
BNT162b2 vaccine-elicited human sera is consistent with preserved
neutralization of a panel of 15 pseudoviruses bearing spikes with
other single mutations found in circulating SARS-CoV-2 strains'.
The emergence of the common mutation N501Y from different geo-
graphical regions, as well as the previously emerged globally domi-
nant D614G mutation, suggest that these mutations might improve
viral fitness, as recently demonstrated for the increased viral trans-
mission by the D614G mutation in animal models”"*. The biological
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functions of N501Y and the other mutations (such as A69/70 and
E484K) remain to be defined for viral replication, pathogenesis and/
or transmission in animal models. A second limitation of the study
is that no serological correlate of protection against COVID-19 has
been defined. Therefore, predictions about vaccine efficacy based
on neutralization titers require assumptions about the levels of neu-
tralization and roles of humoral and cell-mediated immunity in
vaccine-mediated protection. Clinical data are needed for firm con-
clusions about vaccine effectiveness against variant viruses.

The ongoing evolution of SARS-CoV-2 necessitates continuous
monitoring of the significance of changes for vaccine efficacy. This
surveillance should be accompanied by preparations for the possibility
that future mutations might necessitate changes to vaccine strains. The
serological criteria for strain changes of influenza vaccine have been
well accepted'. For COVID-19, such vaccine updates would be facili-
tated by the flexibility of messenger RNA-based vaccine technology.
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Methods

Construction of isogenic viruses. Three recombinant SARS-CoV-2 mutants
(N501Y, A69/70-N501Y + D614G and E484K +N501Y +D614G in spike protein)
were prepared on the genetic background of an infectious cDNA clone derived
from clinical strain WA1 (2019-nCoV/USA_WA1/2020)° by following the
polymerase chain reaction-based mutagenesis protocol as reported previously’.
The full-length infectious cDNAs were in vitro ligated and used as templates to
transcribe full-length viral RNA. Mutant viruses (P0) were recovered on day 2 from
Vero E6 cells after electroporation of the in vitro RNA transcripts. P1 viruses were
harvested as stocks by passaging the PO virus once on Vero E6 cells. The titers of P1
viruses were determined by plaque assay on Vero E6 cells. The genome sequences
of the P1 viruses were validated by Sanger sequencing. The detailed protocol was
recently reported’.

Serum specimens and neutralization assay. Serum samples were collected
from BNT162b2 vaccinees participating in the phase 1 portion of the ongoing
phase 1/2/3 clinical trial (ClinicalTrials.gov identifier: NCT04368728). The
protocol and informed consent were approved by institutional review boards
for each of the investigational centers participating in the study. The study was
conducted in compliance with all International Council for Harmonisation
Good Clinical Practice guidelines and the ethical principles of the Declaration
of Helsinki.

The immunization and serum collection regimens are illustrated schematically
in Supplementary Fig. 3. A conventional (non-fluorescent) plaque-reduction
neutralization assay was performed to quantify the serum-mediated virus
suppression as previously reported'®. Briefly, each serum was two-fold serially
diluted in culture medium, with the first dilution of 1:40 (dilution range of 1:40
to 1:1280). The diluted sera were incubated with 100 plaque-forming units of
WT or mutant viruses at 37 °C for 1h, after which the serum-virus mixtures were
inoculated onto Vero E6 cell monolayer in six-well plates. After 1h of infection
at 37°C, 2ml of 2% SeaPlaque agar (Lonza) in DMEM containing 2% FBS and
1% penicillin-streptomycin was added to the cells. After 2 d of incubation, 2 ml
of 2% SeaPlaque agar in DMEM containing 2% FBS, 1% penicillin-streptomycin
and 0.01% neutral red (Sigma-Aldrich) were added on top of the first layer. After
another 16 of incubation at 37 °C, plaque numbers were counted. The minimal
serum dilution that inhibits 50% of plaque counts is defined as the PRNTj,. Each
serum was tested in duplicates. The PRNT,, assay was performed at the Biosafety
Level-3 facility with the approval from the Institutional Biosafety Committee at
the University of Texas Medical Branch.

Statistics. No statistical analysis was performed in the study.

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

Data availability
The data that support the findings of this study are available from the
corresponding authors upon reasonable request.
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Sample size No sample size calculation was performed. Based on the availability, 20 samples were collected from BNT162b2 vaccinees participating in the
phase 1 portion of the ongoing phase 1/2/3 clinical trial (ClinicalTrials.gov identifier: NCT04368728). Those 20 samples had been tested as
neutralizing positive against WT SARS-CoV-2 using the method according to the reference (Walsh EE, Frenck RW, Jr., Falsey AR, et al. Safety
and Immunogenicity of Two RNA-Based Covid-19 Vaccine Candidates. N Engl J Med 2020.).

Data exclusions  No data was excluded in the study.
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Randomization  No randomization was performed. All samples were analyzed for the neutralizing activities against WT SARS-CoV-2 and variants in the same
experimental settings.

Blinding Patient information was blinded in the study. Those 20 samples had been tested as neutralizing positive against WT SARS-CoV-2 using the

method according to the reference (Walsh EE, Frenck RW, Jr., Falsey AR, et al. Safety and Immunogenicity of Two RNA-Based Covid-19 Vaccine
Candidates. N Engl J Med 2020.).
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system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response.

Materials & experimental systems Methods
Involved in the study n/a | Involved in the study
|:| Antibodies |Z |:| ChiIP-seq
Eukaryotic cell lines |Z |:| Flow cytometry
|:| Palaeontology and archaeology |Z |:| MRI-based neuroimaging

[] Animals and other organisms
Human research participants
[] Clinical data

|:| Dual use research of concern

XX XXX &

Eukaryotic cell lines

Policy information about cell lines

Cell line source(s) Vero E6 cells (ATCC® CRL-1586) were obtained from ATCC
Authentication ATCC have comprehensively performed authentication on cell lines.
Mycoplasma contamination All cell lines were tested negative for mycoplasma.

Commonly misidentified lines ot applicable
(See ICLAC register)

Human research participants

Policy information about studies involving human research participants

Population characteristics Only serum samples were used in this study. Please refer to the ClinicalTrials.gov identifier: NCT04368728 for the population
characterisistics.
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Recruitment Only serum samples were used in this study. Please refer to the ClinicalTrials.gov identifier: NCT04368728 for the patient
recruitment requirment.

Ethics oversight The protocol and informed consent were approved by institutional review boards for each of the investigational centers
participating in the study. The study was conducted in compliance with all International Council for Harmonisation (ICH)
Good Clinical Practice (GCP) guidelines and the ethical principles of the Declaration of Helsinki.

Note that full information on the approval of the study protocol must also be provided in the manuscript.
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