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ABSTRACT

The novel severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) that
causes coronavirus disease (COVID-19) has resulted in roughly 500 million confirmed
cases of COVID-19 including an estimated 6 million deaths world-wide, as of April
2022. Vaccines were developed and administered limiting the extent of the pandemic, but
with the rise of emerging variants, studies to better understand immune protection against
COVID-19 have become a high priority. Neutralizing antibodies represent an important
correlate of protection for COVID-19. The cell-based neutralization assays that detect
and quantify neutralizing antibody titers use either live virus or pseudotyped viral
particles (pseudovirus). Live virus cell-based assays are time consuming and require the
use of live SARS-CoV-2 but can be substituted with pseudovirus to avoid requirements
for biosafety level (BSL)-3 facilities. This has motivated the development of surrogate
SARS-CoV-2 neutralization assays that measure inhibition of the spike (S) protein
receptor binding domain (RBD) binding its receptor, human angiotensin converting
enzyme 2 (hACE2). The current surrogate virus neutralization tests (sSVNTs) are ELISA-
based, requiring considerable involvement by laboratory personnel for the multiple
washes, incubation steps, and reagent additions as well as a plate reader to generate
results. The development of a sVNT performed on an automated and rapid platform could
be instrumental in furthering the research and clinical assessment of immune protection
against COVID-19. Here we developed and evaluated a sVNT performed on the Simple
Plex™ rapid and automated immunoassay platform. The test achieves 100% sensitivity
and 99-100% specificity and shows a strong correlation with cell-based assays. This rapid
and automated sVNT provides a faster and more easily completed assay for determining
SARS-CoV-2 neutralizing antibody titers that can be performed in a BSL-2 laboratory.
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INTRODUCTION

Coronavirus disease (COVID-19) is an infectious respiratory illness caused by the
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2). The novel coronavirus
was first discovered in 2019 in Wuhan, China and in early 2020, the World Health
Organization declared SARS-CoV-2 a pandemic, currently resulting in millions of
infections and fatalities. A major challenge in combating COVID-19 is to determine the
immune response correlates of protection for vaccines or following natural infection.
Correlates of protection are measurable parameters that indicate if an individual has
protective immunity against a pathogen. Disease-specific antibodies are examples of
biomarkers that are measurable immunological correlates of protection (Chen et al.
2013). Binding antibodies (BAbs) bind to pathogens but do not directly interfere with
their infectivity (Coronavirus...2020). These antibodies are also known as non-
neutralizing antibodies, which are important to flag foreign antigens from invading
pathogens for immune cells to destroy. Neutralizing antibodies directly bind to a
pathogen in a manner that blocks infection of cells (Payne 2017). While both binding and
neutralizing antibodies are thought to be potential correlates of protection against
COVID-19 (Feng et al. 2021), several studies recently, have connected vaccine efficacy
with neutralizing antibody responses to SARS-CoV-2 (Earle et al. 2021; Khoury et al.

2021).

SARS-CoV-2 Immune Response
SARS-CoV-2 infection from vaccination or natural exposure induces a humoral
immune response in a human host. The general steps (Figure 1) in human antibody

response to SARS-CoV-2 infection are initiated with viral entry via the interaction
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between the viral S protein and the host angiotensin-converting enzyme 2 (ACE?2)
(Ghaftari et al. 2020). Following viral entry, the virus replicates and releases from the
host cell and a subset of viruses are ingested by antigen presenting cells (APCs) (Ghaffari
et al. 2020). The APCs then present the fragmented SARS-CoV-2 antigen(s) to T helper
cells, which in turn will interact and activate B cells (Ghaffari et al. 2020). Next, the
activated B cells differentiate into plasma or memory B cells, where the plasma cells
secrete their SARS-CoV-2-specific receptors in the form of IgM, IgG, or IgA antibodies;
and antibody-mediated neutralization occurs when SARS-CoV-2-specific antibodies bind
to viral antigen(s) preventing virus interaction and entry into host cells (Ghaftfari et al.

2020).

Humoral immune response against SARS-CoV-2
§ B cell differentiation
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Figure 1. Schematic illustration of the humoral immune response to SARS-CoV-2
infection. General steps highlighting the main events of the human antibody response to
SARS-CoV-2 infection, starting from virus entry to neutralizing antibody production
(Ghaffari et al. 2020; reused under the CC BY license 4.0).




Ali
SARS-CoV-2 Virion Structure

SARS-CoV-2 belongs to the Betacoronavirus genus in the Coronaviridae family
and is a positive-sense RNA virus with a viral genome that encodes four major structural
proteins: membrane (M), envelope (E), nucleocapsid (N) and S (Figure 2) (Du et al.
2021; Pang et al. 2021). The S protein is a transmembrane homotrimeric class I fusion
glycoprotein, composed of two subunits, S1 and S2, both in each S monomer (Sternberg
and Naujokat et al. 2020; Lan et al. 2020). A subdomain in the S1 subunit, located at the
apex, is the RBD that undergoes conformational movements between a transiently

open/up status and a closed/down status (Sternberg and Naujokat et al. 2020).

SARS-CoV-2 Host Receptor
(ACE2)

Spike (S)

Nucleocapsid (N)

.......... S1-CTD
» RBD
S1-NTD

S2
Membrane (M)

RNA viral genome

Figure 2. Schematic illustration of the SARS-CoV-2 virion structure and outbreak
of S protein. SARS-CoV-2 viral genome encodes four major structural proteins, the
envelope (E) protein, membrane (M) protein, nucleocapsid (N) protein and S protein. The
S protein monomer contains two subunits, S1 and S2. The RBD is located at the apex of
the S1 subunit. SI-RBD key role is recognizing and binding to the ACE2 host receptor to
initiate SARS-CoV-2 viral entry (Jain et al. 2020; reused under the CC BY license 4.0).

To initiate SARS-CoV-2 infection, the glycosylated S proteins on the surface of
the virion interacts with the host cell receptor ACE2, then undergoes conformational

changes that allow protease cleavage of S allowing the S2 fusion domain to facilitate

3
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virus entry into the cell. The human ACE2 was shown to be the main functional receptor
mediating viral cell entry (Tan et al. 2020; Huang et al. 2020). The RBD within the S
protein is a critical target for neutralizing antibodies. Neutralizing antibodies targeting the
S protein interferes with the viral S protein RBD and ACE2 receptor interaction and

prevents viral entry into host cells (Figure 3) (Du et al. 2021).

Neutralizing antibody

SARS-CoV-2 gpike \ & I ?
a?* g \

ACE2

i |

Figure 3. Schematic illustration of the SARS-CoV-2 viral entry. SARS-CoV-2 S
glycoprotein RBD interaction with the ACE2 host cell receptor for SARS-CoV-2 viral
entry (left). Neutralizing antibody interaction with the SARS-CoV-2 S glycoprotein RBD
blocking SARS-CoV-2 viral entry (right) (Brown et al. 2021; reused under the CC BY
license 4.0).

Viruses, including SARS-CoV-2, evolve as mutations occur. Some mutations
affect important functional properties such as the interaction of the virus with the host
cell receptor, while other mutations have little to no effect on the virus at all (Goher et al.
2021). A mutation is a single change in viruses’ genetic sequence and a variant is a viral
genome that may contain one or more mutation(s) (COVID-19: SARS-CoV-2... 2020).

SARS-CoV-2 variants are classified as a variant of concern (VOC) when they are
4
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associated with evidence of severe disease, an increase in transmissibility, and/or
significant reduction in neutralization by antibodies. (COVID-19: SARS-CoV-2...2020).
As of May 2021, the Delta (B.1.617.2) variant became a VOC. The Delta variant has
mutations in the S protein that include two mutations in the RBD reported to affect virus

neutralization and transmissibility (Goher et al. 2021).

Virus Neutralization Assays

Serological tests are used to determine if a person has antibodies against a specific
pathogen and enzyme-linked immunosorbent assays (ELISA) are typically used to detect
total BAbs (Day 2015). A virus neutralization assay (VNA) is used to determine if
antibodies have neutralizing activity (Figure 4). There are different formats of VNAs that
are cell-based assays and use live virus or pseudovirus to detect neutralizing antibodies.
Recently, ELISA-based surrogate VNAs have been developed to detect neutralizing

antibodies to SARS-CoV-2.
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A NAbs assay for wild-type virus

/ ACE2 receptor

/ Neutralizing antibody

Target cell

B NAbs assay for pseudovirus

HIV-1 pseudotype

|
@ / e

Target cell

¢ Surrogate virus neutralization test
_Biotin tag

Poly-HRP streptavidin

/ ~~ hACE2

Spike trimmer or RBD

o o o8 N

ELISA plate
Figure 4. Schematic describing the principles of a live virus, pseudovirus and
surrogate neutralization assays. A.) portrays when live SARS-CoVs-2 binds to
neutralizing antibodies it inhibits the appearance of CPE and loses infectivity. B.)
portrays a pseudovirus with SARS-CoVs-2 envelope. C.) portrays ELISA-based assay
using recombinant ACE2 for the detection of S RBD that have not been blocked by a
neutralizing antibody (Lu et al. 2021).

Cell-based neutralization assays that utilize wild type (WT) live virus are the gold
standard for detecting and measuring neutralizing antibody titers. This well-established
assay must be performed at the appropriate biosafety containment level. Some viruses are
required to be handled in high containment (i.e. BSL-3 or BSL-4 laboratories), which
makes performing these cell-based VNAs impractical for routine clinical laboratory
practice. Some examples of cell-based VNAs include plaque reduction neutralization test
(PRNT) and microneutralization (MN) assays. The PRNT is based on a plaque assay,

which is a well-established method for determining virus concentration by counting the

number of plaque forming units in a monolayer of infected cells. This assay typically
6
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uses 6, 12, or 24-well plates and is therefore considered low-throughput, which makes it
difficult to analyze large numbers of samples. In contrast, the MN assay is typically
performed in 96-well plates, which increases assay throughput. MN assays visualize
infected foci via immunostaining, which is then counted using computer-controlled
imagers or read on an enzyme-linked immunosorbent assay (ELISA) plate reader

measuring a colorimetric dye (Bewley et al. 2021).

Pseudovirus neutralization assays (PNAs) are cell-based but do not contain live
virus. PNAs utilize genetically modified nonreplicating virions that comprise the
enzymatic and structural core of one virus, the surface protein of another virus, and a
reporter gene (Bewley et al. 2021). One approach PNAs use is pseudotyping lentiviral
particles with SARS-CoV-2 S protein (Figure 5) (Crawford et al. 2020). In this method,
293T cells are co-transfected with a plasmid expressing S, a plasmid encoding a lentiviral
backbone and plasmids expressing the other HIV proteins needed for virion formation
(i.e. Tat, Gag-Pol, and Rev ) (Crawford et al. 2020). The transfected cells produce
lentiviral particles with S protein on their surface and these viral particles can infect cells

that express the ACE2 receptor (Crawford et al. 2020).
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Figure S. Basic strategy for pseudotyping lentiviral particles with SARS-CoV-2 S
protein. 293T cells are co-transfected with the following: (plasmid encoding lentiviral
backbone, plasmid expressing S, and plasmids expressing the HIV proteins needed for
virion formation (i.e. Tat, Gag-Pol, and Rev). The transfected cells produce lentiviral
particles with S protein on their surface and these viral particles can infect cells that
express the ACE2 receptor (Crawford et al. 2020; reused under the CC BY license 4.0).

PNAs involve incubating the pseudovirus and cells in the presence of different
antibody concentrations of interest and using an instrument to detect the reporter gene
such as a plate luminometer to measure the light emission (Pseudovirus neutralization...
2021). PNAs can routinely evaluate neutralizing antibodies in a BSL-2 laboratory due to

the nature of pseudoviruses being genetically stable and noninfectious (Steward 2021).

Surrogate virus neutralization assays (sVNTSs) substitutes the need for live/pseudo
virus and cells used in VNAs. The sVNT is designed to mimic the virus-host interaction
and measures the competitive inhibition of this interaction (Tan et al. 2020 and Lou et al.
2021). The SARS-CoV-2 sVNTs are based on the principle that neutralizing antibodies
bind S1-RBD and block the interaction between the RBD and the ACE2 receptor (Lu et

al. 2021). Some sVNTs are ELISA-based and use reduction of horseradish peroxidase
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(HRP) luminescence signal to detect the presence of antibodies that blocks the RBD-
ACE2 interaction (Lu et al. 2021). sVNTs do not require live virus nor cells and can be
run in BSL-2 laboratories (Lu et al. 2021). A comparison of the sVNT to the cell-based

VNA:s is included in Table 1.

Table 1. Comparison of cell-based and surrogate VNAs

VNAs Mechanism Design Time Safety
Plaque Reduction Live Virus/ Cell-Based 6, 12 or 24 5days | BSL-3
Neutralization Test well plate
Microneutralization Live Virus/ Cell-Based | 96 well plate | 2-4 days | BSL-3
Assay
Pseudo i.e. HIV-Lentiviral 96 well plate | 2-3 days | BSL-2
Neutralization Assay System / Cell-Based
Surrogate Virus Purified Protein-Protein | 96 well plate | 1-3 hours | BSL-2
Neutralization Test | Interaction/ELISA-Based

Abbreviations: VNAs: Virus Neutralization Assays; BSL: Biosafety level; HIV: Human
immunodeficiency virus; ELISA: Enzyme-linked Immunosorbent Assay.

The emergence of the novel SARS-CoV-2 has highlighted the need to develop
safer and more efficient platforms to detect and quantify neutralizing antibodies.
Recently, several studies have evaluated live and pseudo VNAs in comparison to sVNTSs.
Tan et al. (2020) reported a SARS-CoV-2 sVNT that detected total immunodominant
neutralizing antibodies targeting the S protein RBD and then conducted a comparison
study using sera from COVID-19 patients and demonstrated a good correlation between
the sVNT and live VNA and PNA (Tan et al. 2020). Valcourt et al. evaluated a
commercially available sVNT by conducting a comprehensive comparison between the
sVNT and an in-house PRNT (Valcourt et al. 2021). They reported that the sVNT in the
study demonstrated similar or greater detection of neutralizing antibodies in COVID-19

specimens; however, there was a high non-neutralizing antibody detection rate for
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PRNT —negative COVID-19 samples, suggesting an over-estimation of functional
neutralizing antibody response (Valcourt et al. 2021). Von Rhein et al. compared a
competition ELISA-based sVNT to a PRNT and PNA to determine the SARS-CoV-2
neutralizing activity and found that while the neutralization activity correlated among the
different methods, the sVNT assay overestimated the samples with low neutralizing
activity (von Rhein et al. 2021). The aforementioned studies and other current SARS-
CoV-2 sVNTs use platforms that are operator dependent as opposed to an automated

platform.
Automated Immunoassay Platform

The sVNT could be improved with more automated immunoassay technology.
Protein Simple developed Simple Plex™, a novel automated immunoassay platform
(Aldo et al. 2016). This integrated immunoassay system consists of the Ella instrument
(microfluidic automated analyzer) and a disposable microfluidic cartridge for the assay
reagents and samples (Aldo et al. 2016). There is an array of Simple Plex™ flexible
cartridge options (single plex, multianalye, multiplex and customizable) that can be
tailored to specific project scope and throughput (Simple Plex Assays... 2021). The
Simple Plex™ customizable cartridge (Figure 6) in particular, provides additional inputs
in the cartridge and uses an anti-digoxigenin (Dig) capture antibody to serve as a
foundation to allow for one to flexibly build a specific immunoassay using their own
reagents (Customizable assays... 2022). The Simple Plex™ microfluidic (single plex,
multianalye, and multiplex) cartridges require no manual steps, washes, or reagent

additions once sample and buffer are loaded (Ella... 2017). The Simple Plex™

10
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automated platform allows samples to flow through microfluidic channels over coated
triplicate glass nano reactors (GNRs) (Ella... 2017), run all the immunoassay operations
and produce signal levels from each GNR, (Aldo et al. 2016) comprised of single digit
coefficient of variations (CV) and minimal variability in about an hours’ time (Ella...

2017).

16 x 4 cartridge |

E‘t‘f‘? || ::‘”:‘ I | 1.Sample 2. Detect 3.Dye ty ! Vl
niet ‘ 1 \
guy L — s
| LA | } Y ’r .
B i == |
\ / \
\

/

\ / 1 //
Figure 6. Backside view of the 16x4 multi-analyte Simple Plex™ cartridge (left).
Each individual sample runs through a microfluidic circuit (middle) where the automated
sandwich immunoassays are performed in the GNRs (right) (Labant 2016).

Objectives and Rationale

In this project, we hypothesized that similar titers of neutralizing antibodies can
be detected using the Simple Plex™ sVNT as compared to more traditional cell-based
neutralization assays. Our focus is evaluating a SARS-CoV-2 sVNT on the Simple
Plex™ automated immunoassay platform that can detect and quantify neutralizing
antibodies and has the ability to determine neutralizing activity of emerging variants. Our
initial goal was to develop an automated sVNT and compare it to an MN and PNA using
the same sample cohort. Our second goal was to evaluate the automated sVNT against

the Delta-S1-RBD compared to the WT-S1-RBD. This assay was originally developed

11
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based on the S1-RBD for the Wuhan isolate, which is at the root of the current pandemic
and is considered the WT strain. A major advantage of the sVNT assay is that the
recombinant S1-RBD protein can be modified quickly based on known sequence from
emerging variants. Therefore, the goal of this project was to evaluate if this SARS-CoV-2
sVNT would provide a more rapid, less labor intensive, and automated approach to
determine the titers of neutralizing antibodies on a larger scale compared to MN and
PNA, and provide an approach to quickly evaluate the neutralizing activity of emerging
variants. Our results demonstrate that the automated and rapid SARS-CoV-2 strongly
correlate and had strong association with the live virus MN assay. Our results also
demonstrate the feasibility of the sVNT to assess neutralizing antibody activity against

future emerging SARS-CoV-2 variants.
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MATERIALS AND METHODS

Serum Samples

A negative panel sourced by the BEI resources that consisted of 50 known
negative serum samples that were collected prior to the emergence of SARS-CoV-2. A
specificity panel sourced by the Department of Defense (DoD) serum repository
consisted of a mixed panel of 50 serum samples positive for seasonal human
coronaviruses (229E, HKU1, NL-63, OC-43) and influenza A/B. The negative and
specificity panels were used to establish a negative cutoff value for the sSVNT assay.

The Prospective Assessment of SARS-CoV-2 Seroconversion (PASS) study
collected 206 serum samples from volunteer healthcare workers at Walter Reed National
Military Medical Center. At the start of the PASS study, each volunteer was confirmed
negative for SARS-CoV-2. From the 206 serum samples provided, 103 were pre and 103
were post-vaccination (time point: 1-month after the second dose of the Pfizer vaccine)
samples. SARS-CoV-2 neutralizing antibodies were evaluated using samples that tested
positive by an assay developed for the qualitative detection of human SARS-CoV-2
antibody in serum by ELISA described by Amanat et al. (2020). The patient sera samples
from the PASS study were tested by other laboratories to determine neutralizing antibody
titers by a MN and PNA. The same cohort of PASS serum samples were used to
determine SARS-CoV-2 neutralizing antibody titers by sVNT on the Ella analyzer and
the results were compared to those endpoint titers determined by the MN and PNA used

for this project.
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Assay Reagent Preparation
Dig labeling
Each S1-RBD was conjugated with Dig. Following a slightly modified version of

the procedure outlined in the Simple Plex™ (Bio-Techne, San Jose, CA) Protein Simple
Quick Start Guide, WT recombinant SARS-CoV-2 S RBD Fc Chimera (R&D Systems,
Minneapolis, MN 10499-CV-100) and Delta B.1.617.2 recombinant SARS-CoV-2 S
RBD Fc Chimera (R&D Systems 10901-CV-100) were Dig NHS (Enzo Life Sciences,
Farmingdale, NY ENZ-45022) labeled at a protein concentration of 0.5mg/mL using a
5:1 molar ratio (Dig/Protein). The protein concentration of each RBD was determined
using the Bicinchoninic acid (BCA) Protein Assay Kit -23227 (Pierce™) (Thermo Fisher
Scientific Rockford, IL). The Dig conjugated S1-RBDs were then stabilized with BSA

and the final concentrations were adjusted as described in the Quick Start Guide.

ACE2-Histidine (His) Half-maximal Effective Concentration (ECs0) Determination

The ECso of the ACE2-His was determined for both S1-RBDs. ACE2-His (R&D
Systems 933-ZN) was serially diluted 1:5 from 50,000ng/ml to ~.001ng/ml, a total of 12
dilution points. Using a Simple Plex™ 48-Dig cartridge and a layout suggested by
Protein Simple, ACE2-His binding to the Dig-S1-RBDs (WT and Delta) was assessed by
reacting the ACE2-His dilution series with 10 ug/mL each of the two Dig-S1-RBDs in
duplicate. The Dig-S1-RBDs were added to the capture inlets and the ACE2-His dilution
points to the sample inlets. Biotin anti-His was added to the detector inlets. The relative
fluorescence unit (RFU) means generated from the Ella analyzer were used to calculate
the respective ACE2-His half maximal effective concentration (ECso) values for each S1-

RBD recommended by Protein Simple. The model used to calculate the ECso in
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GraphPad Prism is further described in the statistical analysis section. The WT ACE2-His

ECso value is 4.959¢ -009 and the Delta ACE2-His ECso value is 4.784¢ -009. The ACE2

concentration based on the calculated ECso values (10nM for WT and 5nM for Delta)

were used for the sVNT assay. See (Figure 7) for respective ACE2-His ECso values.

10000
1000
100

10

RFU (mean)

1
0.1

0.01

10-'410-1*10-210-'1 10-° 10° 10-® 107 10-¢

ACE2-His (M)
Wild-Type B.1.617.2
ECso 4.959e- 009 4.784e- 009

-0~ Wild-Type
-+ B.1.617.2

Figure 7. The ACE2-His half-maximal effective concentration (ECso) values for the
WT and Delta variant S1-RBDs. The ECso values were recommended by Protein
Simple to determine the final ACE2-His concentrations for the WT-sVNT and Delta-
sVNT (Copyright 2022 ProteinSimple Corporation, reprinted/adapted with permission).
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Automated SVNT
The customizable open cartridge (Figure 8) was chosen to design the sVNT assay,
this allowed for the utilization of the anti-dig capture antibody feature and flexibility of

initial capture and detector reagent addition.

The Dig-labeled S1-RBD (WT/Delta) capture antigens were prepared at 10ug/mL
in provided sample diluent (SD) 13 and the biotinylated mouse anti-His tag (R&D
Systems BAMO050) detector was prepared at 3.33 ug/mL in SD13 diluent. In a
polypropylene sample prep plate, sera samples were diluted 1:5 (2X) in 1X SD19 diluent.
The ACE2-His was prepared for the WT S1-RBD at 2 x 10 and prepared at 1 x 10 for
the Delta variant S1-RBD, based on the calculated ECso values. The human COVID S
Protein monoclonal antibody CR3022 (WRAIR EG 03-13-20) was diluted in normal
human sera to 30ug/mL and 0.3ug/mL to serve as the high and low respectively positive

controls and 30ul of 1X SD19 to serve as the negative control.
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C" = Capture We
a blotechne brand D" = Detect Well

Figure 8. Image of the (front side) customizable 48-Dig open Simple Plex™
cartridge (R&D Systems) developed by Protein Simple. Each inlet has a capture (C)
input, detector (D) input, and a sample input. There are 6 inputs in between rows to place
the wash buffer. (Customizable assays... 2022) (Copyright 2022 ProteinSimple
Corporation, reprinted/adapted with permission).

Assay Design

The Ella-based SARS-CoV-2 sVNT used in this study employs the Simple Plex™
48-Dig customizable open cartridge. Each of the 48 inlets is an assay cluster (sample,
capture and detector ports) containing triplicate GNRs functionalized with an anti-Dig
antibody. Dig labeled WT and Delta S1-RBDs were used as capture antigens in
alternating rows. Serum samples (3 per assay) were serially diluted 1:3 from an initial
1:10 dilution (7 points total) in a sample mixing plate. ACE2-His was prepared at two
concentrations based on the ECso values determined for the WT and Delta S1-RBDs. The

sample dilution series were each split into two assigned rows in the sample mixing plate
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followed by combination with an equal volume of ACE2-His; one row each for the two
ACE2-His concentrations (i.e. WT and Delta). Each ACE2- His was also combined with
the WT/Delta blanks and the high and low controls. Dig labeled S1-RBD capture
antigens and the biotinylated mouse anti-His tag detector antibody were pipetted into the
appropriate cartridge inlets. The sample dilution points combined with ACE2-His were
then transferred from the sample processing plate rows to the corresponding rows
(sample inlet ports) of the cartridge illustrated in Figure 9. The negative panel followed
the (1:3 dilution in 1X SD19) (7 points total) like the pre/post samples, however, the
specificity panel (HCoVs/influenza A/B sample sets) were serially diluted (1:3 in 1X
SD19); a total of 3 dilution points, allowing for 6 separate samples to be analyzed on the

same cartridge.
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sVNT Assay 48-dig Cartridge Design

Sample Dilution 1:X

Capture Controls 10 30 90 270 810 2430 7290
Wild Type 1XSD19 1
S1-RBD
1 2 3 4 5 6 7 8
Wash Buffer Wash Buffer
9 10 11 12 13 14 15 16
Delta Var. 1XSD19 1
S1-RBD
- 0.1s
Wild Type ug/mL 2
S1-RBD | cr3022
17 18 19 20 21 22 23 24
Wash Buffer Wash Buffer
25 26 27 28 29 30 31 32
Delta V. 945
aVar.
ug/mL 2
S1-RBD | cr3022
- is
Wild Type ug/mL 3
S1-RBD | cr3022
33 34 35 36 37 38 39 40
Wash Buffer Wash Buffer
41 42 43 44 45 46 a7 43

is

ug/mL 3
S1-RBD | cr3022

Delta Var.

Inlet Ports Orientation

c @ O D Rows1,3,5

sample #

sample #

C (@) O D Rows 2, 4, 6
Figure 9. The 48-dig customizable open cartridge sVNT vertical design layout. The
open cartridge consists of 48 inlets: each inlet comprised of a capture, detector and
sample inlet port and six wash buffer inlet ports.

Following the immunoassay sandwich, when a patient sera sample contained a
low neutralizing antibody titer, ACE2-His outcompeted the antibodies for the
immobilized S1-RBD and thus generated a high signal as a result of binding with the
biotin anti-His detector antibody and subsequent interaction with the streptavidin
fluorophore (Figure 10 [left]). Conversely, when a patient sera sample had a high
neutralizing antibody titer, the serum antibodies outcompeted the ACE2-His for the S1-

RBD and a low signal resulted (Figure 10 [right]).
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Competition Sandwich Immunoassay e

Competition A

Glass Nano Reactor (GNR) Wall Glass Nano Reactor (GNR) Wall

Figure 10. Schematic illustration of the competition sandwich immunoassay. The
post-vaccination sera samples (right) competing with the ACE2-His (left) to bind to the
S1-RBDs immunoassay competition design by Protein Simple used in the sVNTs.

Following addition of sera and detecting reagents, the cartridge was centrifuged at
50 x g for 15 seconds, and loaded into the Ella instrument for analysis. Assay results were
obtained in 77 minutes. Average RFU values were generated for each sample. Individual
RFU values for each of the triplicate GNRs were also presented. The criteria was set for
sample repeat when the %CV from the triplicate RFU values per inlet were greater than
10%, all negative and high controls outside of 3 standard deviations of one another and/or

no GNRs were detected.

Calculations/Statistics

% Inhibition Calculation

Each RFU mean generated from the Ella analyzer was converted into a %
inhibition value. The % inhibition for each sample at every dilution point was calculated

using the following formula: Inhibition [%] = (1 — (RFU mean/ Negative Control)) x 100.
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The negative % inhibition values were changed to zero % inhibition for graphing
purposes.
Statistical Analysis

Receiver Operating Characteristic (ROC) analyses was used to determine
specificity and sensitivity for the sSVNT negative cutoff. Half maximal inhibitory
concentration (ICso) neutralizing antibody titer values were initially calculated from the
% inhibition values for each sample dilution point using the nonlinear regression curve fit
analysis: [Inhibitor] vs. response - Variable slope (four parameters) model, ICso values
calculated the same as the ECso, then agreed to use ECso for nomenclature ease. The 80%
of maximal effective concentration (ECsgo) was calculated from the % inhibition values
for each sample dilution point using the nonlinear regression curve fit analysis: [ Agonist]
vs. response — Find ECanything model. Any ECs¢o/ECg calculation that was labeled as
ambiguous was identified as an outlier in analysis. Prior to any correlation and hypothesis
testing, all of the sample sets” ECso/ECgo neutralizing antibody titers were logarithm
(log)io-transformed after lognormal distribution was recommended in the normality and
lognormality analyses. ECs0/ECgo neutralizing antibody titers were evaluated by Dunn’s

multiple comparison test where statistical significance was defined as P <0.05.

For correlation analysis, if all of the sample sets passed the D’ Agnostino and
Pearson test under the tests for lognormal distribution then correlations were investigated
using Pearson's Correlation Coefficient. If even just one of the sample sets did not pass
the D’ Agnostino and Pearson test than Spearman’s rank Correlation Coefficient was used

for correlation analysis Agreement between VNA methods were assessed using bias
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result from Bland-Altman analysis. All statistical analyses were performed in GraphPad

Prism 8.3.1.
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RESULTS

In this study, serum samples were analyzed from volunteer healthcare workers
before and one month after vaccination following the second dose of the BNT162b2
(Pfizer) vaccine. The samples were a part of the PASS study, which is an observational
longitudinal cohort study that is evaluating the immunological responses to SARS-CoV-2
infection and vaccination of healthcare workers (Coggins et al. 2021). In part of the
study, antibody testing, of immunoglobulin G (IgG) was measured and the authors found
similar endpoint dilution titers of levels of spike (S)- specific IgG antibodies, receptor
binding domain (RBD)-specific IgG antibodies and neutralizing antibodies (Coggins et
al. 2021). Here we developed a SARS-CoV-2 sVNT on a rapid and automated
immunoassay platform to detect and determine levels of neutralizing antibodies using the
PASS study samples. We compared our results to those obtained by the more traditional

cell-based MN and PNA.

Assay Design and Primary Data Generation

WT-sVNT is described as all sample sets tested against the purified SARS-CoV-2
WT S1-RBD capture antigen in the immunoassay design. Delta-sVNT is described as all
sample sets tested against the purified SARS-CoV-2 Delta S1-RBD capture antigen in the
immunoassay design. The assay design allowed for three serum samples to be analyzed,
each against both the WT and Delta-S1-RBDs on the same cartridge. At the completion
of each analysis, the number of GNR’s detected, RFU mean values and RFU %CVs per
inlet were generated by the Ella analyzer. Our pre-determined valid assay run repeat

criteria were met for each sample. Table 2 contains representative results from a post-
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vaccination sample at each 1:3 dilution point; against the WT/Delta S1-RBDs. For each

inlet, the number of GNRs read, the mean RFU and RFU %CYV are reported.

Table 2. Representative results of typical data generated by the Ella analyzer.

Post-Vaccination Dilution Series Mean | RFU
Sample S1-RBD [1:3] Inlet | GNRs | RFU | %CV
Negative Control Wild 1 3 516 2.87
P126-S00-1103 Wild 10 2 3 16.2 5.02
P126-S00-1103 Wild 30 3 3 61.8 3.88
P126-S00-1103 Wild 90 4 3 178 3.33
P126-S00-1103 Wild 270 5 3 347 5.2
P126-S00-1103 Wild 810 6 3 460 6.04
P126-S00-1103 Wild 2430 7 3 496 2.88
P126-S00-1103 Wild 7290 8 3 507 4.9
Negative Control Delta 9 3 553 2.89
P126-S00-1103 Delta 10 10 3 20.7 2.88
P126-S00-1103 Delta 30 11 3 75.9 241
P126-S00-1103 Delta 90 12 3 219 7.18
P126-S00-1103 Delta 270 13 3 392 3.1
P126-S00-1103 Delta 810 14 3 492 3.63
P126-S00-1103 Delta 2430 15 3 522 0.62
P126-S00-1103 Delta 7290 16 3 557 1.19

Abbreviations: RBD: Receptor binding domain; GNR: Glass nano reactor; RFU: Relative
fluorescence unit; CV: Coefficient of variation.

Determining the Sensitivity and Specificity

To determine sensitivity for our sVNT we tested the negative panel, pre-

vaccination cohort and specificity panel against the WT and Delta S1-RBD’s (Figure 11).

After testing the control panel of known negative sera (collected prior to the outbreak of

SARS-CoV-2), we observed the inhibition of SARS-CoV-2 RBD- hACE2 binding was

below ~30% inhibition, indicating the absence of neutralizing antibodies. The inhibition

of SARS-CoV-2 RBD-hACE2-His by sera from vaccinated subjects in both the WT-
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sVNT and Delta-sVNT were both above 80% inhibition indicating the presence of

neutralizing antibodies.

100
90 ! !
80— ®

% Inhibition
a
(=]
]

Figure 11. The % inhibition values (1:10 dilution) of the WT/Delta-sVNT to
determine sVNT sensitivity. Positive sera: post-vaccination samples and negative sera:
pre-vaccination samples, negative panel, and specificity panel.

To determine specificity, we tested different panels and confirmed that SARS-
CoV-2 sVNT can differentiate antibody responses from those of other HCoV infections
and influenza A/B. HCoVs: 229E (n=9), HKU1 (n=9), NL63 (n=10), OC43 (n=8),
influenza A (n=6) and influenza B (n=8) were tested (Figure 12). These panels were

tested against the SARS-CoV-2 WT/Delta S1-RBDs to demonstrate specificity and

potential for cross reactivity.
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Figure 12. The % inhibition values (1:10 dilution) of the WT/Delta-sVNT to
determine sVNT specificity. Post-vaccination positive samples (n=103) and
HCoVs/influenza A/B samples (n=50).

Assay performance was analyzed by ROC analyses (Supplementary Table 1 and
Supplementary Table 2) for the primary sensitivity and specificity cutoffs for the WT-
sVNT and Delta-sVNT). ROC analysis of the WT-sVNT and Delta-sVNT each consisted
of 103 positive (post-vaccination) sera samples vs a negative serum panel (specificity
panel) that consisted of 103 pre-vaccination samples, 50 negative sera samples collected
pre-2019, and 50 HCoVs positive or influenza A/B positive sera samples. The ROC
analysis generated a cutoff of 30% inhibition using the ROC Youden J statistic, which
results in a sensitivity of 100% and specificity of 100% for WT-sVNT and a sensitivity of
100% and specificity of 99% for Delta-sVNT with an area under the curve (AUC) =1.000

for both (Figure 13).
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Figure 13. Determination of sVNT negative cutoff by ROC AUC/sensitivity and
specificity analysis. Robustness of the sVNT assay to detect SARS-CoV-2 neutralizing
antibodies. The sera tested were analyzed by ROC for A.) WT and B.) Delta.

The cutoff made the determination that any sample above 30% inhibition in the
SAR-CoV-2 -sVNT was a true positive sample containing neutralizing antibodies (100%
of the post- vaccination samples in the WT/Delta-sVNTs). Our established sVNT cutoff
has the same inhibition cutoff as a commercially available surrogate Tan et al. (2020). All
of the known positive HCoVs/influenza A/B sera samples were under the sVNT
established 30% inhibition cutoff (Figure 14), which demonstrates the sVNTs ability to
differentiate neutralizing antibody responses to SARS-CoV-2 compared to other
respiratory viruses including the closely related HCoVs. The lower specificity of the
Delta-sVNT was most likely due to three samples from the pre-vaccination sample set
that were above the established 30% cutoff. A possible explanation for the lower
specificity could be that prior to the study, the ELISA initially used to screen the
volunteer’s sera had a lower sensitivity and specificity, and some samples that were

deemed negative could have had a low level of SARS-CoV-2 antibodies.
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Figure 14. Established 30% inhibition sVNT negative cutoff by ROC
AUC/sensitivity and specificity analysis. 30% cutoff displayed against the % inhibition
values (1:10 dilution) of the WT/Delta-sVNT A.) post-vaccination positive samples, pre-
vaccination samples, negative panel, specificity panel and B.) post-vaccination samples
and HCoVs/influenza A/B samples.

The % inhibition curves of representative samples analyzed by the WT-sVNT and
Delta-sVNT are shown in Figure 15. For all the post-vaccination samples, the inhibition
decreased with sera dilution, indicating its dose-dependence. All pre-vaccination samples
were below the established 30% inhibition cutoff for distinguishing positive versus
negative samples. The WT-sVNT and the Delta-sVNT (pre and post-vaccination
samples) displayed similar % inhibition curves. Collectively, our results demonstrate that
the SARS-CoV-2 sVNT was able to effectively detect neutralizing antibodies against the

respective S1-RBDs in the 1- month post-vaccination samples.
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Figure 15. Inhibition of SARS-CoV-2 WT or Delta RBD-hACE2 interaction by sera
representative of the (103) pre and post-vaccination samples. A.) WT-sVNT
representative of the same pre and post (n=5) vaccination samples. B.) Delta-sVNT
representative of the same pre and post (n=5) vaccination samples. The dotted line
represents the 30% inhibition negative cutoff for distinguishing positive vs. negative
samples.

ECs0/ECso Determination and Neutralizing Antibody Comparison Analyses

The WT-sVNT and Delta-sVNT neutralizing antibody titers for each sample were
determined by calculating the ECsp and ECsgy titers (Supplementary Table 3 and
Supplementary Table 4) from the % inhibition curves. Dr. Ed Mitre from Uniformed
Services University of Health Sciences (USUHS) and the principal investigator (PI) of
the PASS study provided the samples used to compare the neutralizing antibody titers
between the different VNAs (Supplementary Table 5). Dr. Kevin Schully’s Lab at the
Naval Medical Research Center (NMRC) completed the MN on the 103 post-vaccination
samples and reported the WT ECso neutralizing antibody titers. Dr. Carol Weiss’s Lab at
the Food and Drug Administration (FDA) completed the PNA on 36 post- vaccination
samples and reported WT/Delta ECso neutralizing antibody titers. In this current study,
we completed the sSVNT on the 103-pre vaccination samples and 103-post-vaccination
samples and determined the WT/Delta ECs¢/ECsgo neutralizing antibody titers. A cohort of

36 WT ECso neutralizing antibody titers were compared across all the VNAs.
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The ECso neutralizing antibody titers for the cell-based assays were compared to
the sVNT results for the same cohort of 1-month post-vaccination samples (n=36; Figure
16). A Dunn’s multiple comparison test was performed to analyze differences in the ECsp
neutralizing antibody titers determined by the various assays. The titers determined by
the gold standard MN assay were not significantly different compared to the WT-SVNT
and Delta-sVNT titers (Table 3). In contrast, we did see significant differences in the
ECsy titers determined by the PNA when compared to the titers determined by the
sVNTs. There was also a significant difference in the ECs titers determined by MN

compared to the PNA (Table 3).
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Figure 16. The ECso neutralizing antibody titers determined by MN, PNA, and

sVNT. The symbols represent the individual serum samples (n=36/assay), the bar
represents the mean and the error bars represent the standard deviation and ns = not

significant. The p-values are in Table 3.
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Table 3. Dunn’s multiple comparisons test results of the ECso (n=36) neutralizing
antibody titers of the MN, PNA, and sVNT

Dunn's multiple Rank Adjusted P
comparisons test sum diff. | Significant? | Summary | Value
WT- MN vs. WT - PNA -96 Yes oAk <0.0001
WT- MN vs. WT- sVNT -18 No ns >(0.9999
WT- MN vs. Delta - PNA -57 Yes ok 0.0002
WT- MN vs. Delta - sVNT 16 No ns >(0.9999
WT - PNA vs. WT-sVNT 78 Yes oAk <0.0001
WT - PNA vs. Delta - PNA 39 Yes * 0.0365
WT - PNA vs. Delta - sVNT 112 Yes oAk <0.0001
WT- sVNT vs. Delta - PNA -39 Yes * 0.0365
WT- sVNT vs. Delta - sVNT 34 No ns 0.1127
Delta - PNA vs. Delta - sVNT 73 Yes oAk <0.0001

Abbreviations: ECso: Half-maximal effective concentration; MN: microneutralization
assay; PNA: pseudovirus neutralization assay; sVNT: surrogate virus neutraliztion test;
WT-MN: Wild Type Microneutralization assay; WT-PNA: Wild Type pseudovirus
neutralization assay; Delta-PNA: Delta- pseudovirus neutralization assay WT-sVNT:
Wild Type surrogate virus neutralization test; Delta-sVNT: Delta-surrogate virus
neutralization assay; Diff: difference; P: probability; NS: not signficant.

The ECso neutralizing antibody titers for the cell-based assay MN were compared
to the sSVNT results for the same cohort of 1- month post-vaccination samples (n=102;
Figure 17). A Dunn’s multiple comparison test was performed to analyze differences in
the ECso neutralizing antibody titers determined by the different assays. The titers
determined by the gold standard MN assay were significantly different compared to the
WT-sVNT and Delta-sVNT titers (Table 4). The significant difference between the 102
samples vs the 36 samples WT-MN and WT/Delta-sVNT comparison results could be
due to a difference in the sample size used for the analysis. PNA was not compared here

because results were only available for 36 samples and not all 102 samples (Table 4).
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Figure 17. The ECso neutralizing antibody titers determined by MN and sVNT. The
symbols represent the individual serum samples (n=102/assay), the bar represents the
mean and the error bars represent the standard deviation. The p-values are in Table 4.

Table 4. Dunn’s multiple comparisons test results of the ECso (n=102) neutralizing
antibody titers of the MN and sVNT

Dunn's multiple Rank Adjusted P
comparisons test sum diff. | Significant? | Summary | Value

WT- MN vs. WT - sVNT -43 Yes *x 0.0088
WT- MN vs. Delta- sSVNT -55 Yes oAk 0.0004
WT-sVNT vs. Delta - sVNT -97 Yes oAk <0.0001

Abbreviations: ECso: Half-maximal effective concentration; MN: microneutralization
assay; sVNT: surrogate virus neutraliztion test; WT-MN: Wild Type Microneutralization
assay; WT-sVNT: Wild Type surrogate virus neutralization test; Delta-sVNT: Delta-
surrogate virus neutralization assay; Diff: difference; P: probability.
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The ECgp neutralizing antibody titers for the WT-sVNT were compared to the
Delta-sVNT results for the same cohort of 1-month post-vaccination samples (n=102;
Figure 18). A Wilcoxon matched-pairs signed rank test was performed to analyze the
ECso neutralizing antibody titers determined by the two assays. The ECgp titer medians
determined by the WT-sVNT were significantly different compared to the Delta-sVNT
(Table 5). These results are similar to the WT/Delta 102 sample ECs significant

difference in neutralizing antibody means.
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Figure 18. The ECso neutralizing antibody titers determined by WT-sVNT and
Delta-sVNT. The symbols represent the individual serum samples (n=102/assay), the bar
represents the mean and the error bars represent the standard deviation. The p-values are
in Table 5.
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Table S. Wilcoxon matched-pairs signed rank test results of the ECso (n=102)
neutralizing antibody titers of the WT-sVNT and Delta-sVNT

Wilcoxon matched-pairs Sum of signed Exact P
signed rank test ranks (W) Significant? | Summary | Value
WT-sVNT vs. Delta - sVNT -4195 Yes oAk <0.0001

Abbreviations: ECgo: 80% of maximal effective concentration; WT-sVNT: Wild Type
surrogate virus neutralization test; Delta-sVNT: Delta-surrogate virus neutralization
assay; P: probability.

A correlation analysis was used to compare the ECso neutralizing antibody titers
determined by MN, PNA, and the sVNT. The Pearson’s correlation coefficient and
simple linear regression analysis was performed for all three assays using the same cohort
of 1- month post-vaccination samples (n=36; Figure 19A-C). The ECso neutralizing
antibody titers determined by WT-sVNT and WT-MN showed a strong positive
correlation (Pearson r = 0.7203; p-value <0.0001; 95% CI: 0.5132 to 0.8481; r squared=
0.5188). Similarly, the ECso neutralizing antibody titers determined by the WT-sVNT and
WT-PNA demonstrate a very strong positive correlation (Pearson r = 0.8149; p-value
<0.0001; 95% CI: 0.6642 to 0.9020; r squared= 0.6641). The ECso neutralizing antibody
titers determined by the WT-PNA and WT-MN showed a moderate positive correlation
(Pearson r = 0.6158; p-value <0.0001; 95% CI: 0.3601 to 0.7854; r squared= 0.3792).
Figure 19D depicts the correlation heat map between the WT-sVNT, WT-MN and WT-
PNA. The statistical measure (Pearson r values), from the darkest shade (strongest) to
lightest shade (weakest) are displaying the strength of the positive correlation of each the
sample set comparisons. A summary of all the VNA correlation comparisons are shown
in Table 6. The WT-sVNT and the WT-PNA had the strongest correlation while the WT-
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PNA and WT-MN had the weakest correlation among all VNA. Overall, all the VNA

comparisons have a moderate to strong positive correlation, which has similar findings

with commercial sSVNT studies reported by Tan et al. (2020) and Valcourt et al. (2021).
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Figure 19. Correlation analysis results of WT-sVNT, WT-MN and WT-PNA to
detect neutralizing antibodies against the SARS-CoV-2 WT S1-RBD. A-C) Pearsonr,
r squared, p-value, linear regression line (solid line), and 95% CI (dashed line), D.)
Correlation heat map of post-vaccination sample panel, WT-MN (n=36), WT-PNA
(n=36) and WT-sVNT (n=306).
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Table 6. Correlation analysis comparison of VNAs

VNA Comparison Pearson's r 95% CI1 p-Value
WT-sVNT | WT-MN 0.7203 0.5132 to 0.8481 <0.0001
WT-sVNT | WT-PNA 0.8149 0.6642 to 0.9020 <0.0001
WT-PNA WT-MN 0.6158 0.3601 to 0.7854 <0.0001

Abbreviations: VNA: Virus neutralization assay; WT-MN: Wild Type
Microneutralization assay; WT-PNA: Wild Type pseudovirus neutralization assay; WT-
sVNT: Wild Type surrogate virus neutralization test; CI: Confidence Interval; P:
probability.

Additional Analysis

The ECso means for the 1- month post-vaccination samples of the WT-sVNT and
Delta-sVNT are displayed in Figure 20A. The mean of the ECs¢ values for WT-sVNT
(2.23) and the Delta-sVNT mean (2.12) were very similar. A correlation analysis was
used to compare the ECso neutralizing antibody titers determined by the WT-sVNT and
Delta-sVNT. The Spearman’s rho and simple linear regression analysis was performed
for the WT-sVNT (n=102) vs the Delta-sVNT (n=102; Figure 20B). The ECso
neutralizing antibody titers determined by the WT-sVNT and Delta-sVNT showed a very
strong positive correlation (Spearman’s tho = 0.9523; p-value <0.0001 and 95% CI:
0.9293 to 0.9680). These results suggest that the Pfizer vaccine induces a neutralizing

antibody response that reacts similarly to the WT and Delta SARS-CoV-2 variants.
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3 Spearman's rho = 0.9523
P-value <0.0001

95% CI: 0.9293 to 0.9680
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Figure 20. Correlation and simple linear regression analysis of WT-sVNT-ECso and
Delta-sVNT-ECso. A.) Depiction of the log ECsoneutralizing antibody titers and means
for WT-sVNT and Delta-sVNT. B.) Post-vaccination sample panel correlation between
WT-sVNT (n=102) and Delta-sVNT (n=102). Spearman’s rho, p-value, linear regression
line (solid line), and 95% CI (dashed line).

The ECgo means for the 1- month post-vaccination samples of the WT-sVNT and
Delta-sVNT are displayed in Figure 21A. The mean of the ECgo values for WT-sVNT
(1.76) and the Delta-sVNT mean (1.65) were very similar. A correlation analysis was
used to compare the ECgo neutralizing antibody titers determined by the WT-sVNT and
Delta-sVNT. The Spearman’s tho and simple linear regression analysis was performed
for the WT-sVNT (n=102) vs the Delta-sVNT (n=102; Figure 21B). The ECso
neutralizing antibody titers determined by the WT-sVNT and Delta-sVNT showed a very
strong positive correlation (Spearman’s rho = 0.9535; p-value <0.0001 and 95% CI:
0.9310 to 0.9687). The positive correlation is just as strong between the WT-sVNT vs

Delta-sVNT at the EC,, neutralizing antibody titer as the ECy, neutralizing antibody titer.
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Figure 21. Correlation and simple linear regression analysis of WT-sVNT-ECso and
Delta-sVNT-ECso. A.) Depiction of the log ECgo neutralizing antibody titers and means
for WT-sVNT and Delta-sVNT. B.) Post-vaccination sample panel correlation between
WT-sVNT (n=102) and Delta-sVNT (n=102). Spearman’s rho, p-value, linear regression
line (solid line), and 95% CI (dashed line).

The ECso neutralizing antibody titers for the Delta-sVNT was compared to the
Delta-PNA results for the same cohort of 1-month post-vaccination samples (n=36;
Figure 22A). The mean ECso neutralizing antibody titer for Delta-PNA is higher (2.47)
than the titer for the Delta-sVNT (2.12). A correlation analysis was used to compare the
ECso neutralizing antibody titers. The Spearman’s rho and simple linear regression
analysis was performed for both assays (Figure 22B). The ECso neutralizing antibody
titers determined by Delta-sVNT and Delta-PNA showed a moderate positive correlation

(Spearman’s rho = 0.6306; p-value <0.0001 and 95% CI: 0.3724 to 0.7982).
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Interestingly, the correlation is stronger between the WT-sVNT/PNA than the Delta-

sVNT/PNA.
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Figure 22. Correlation and simple linear regression analysis of Delta-sVNT and
Delta-PNA. A.) Depiction of the log ECso neutralizing antibody titers and means for
Delta-PNA and Delta-sVNT. B.) Post-vaccination sample panel correlation between
Delta-PNA (n=36) and Delta-sVNT (n=36). Spearman’s rho, p-value, linear regression
line (solid line), and 95% CI (dashed line).

An assay method comparison test was used to compare the ECso neutralizing
antibody titers determined by MN, PNA, and the sVNT. A Bland-Altman analysis was
performed for all three assays using the same cohort of 1-month post-vaccination samples
(n=36; Figure 23A-C). The WT-sVNT compared to the WT-MN had a close bias zero
[bias = 0.07382; SD of bias = 0.2673 and 95% limit of agreement (LoA): -0.4501 to
0.5977; Figure 23]. The WT-sVNT compared to the WT-PNA had a bias further away
from zero (bias = 0.5543; SD of bias=0.1703 and 95% LoA: 0.2206 to 0.8880). The WT-

PNA compared to the WT-MN had the furthest bias from zero of all three comparisons

(bias = 0.6281; SD of bias = 0.3069 and 95% LoA: 1.230 to 0.02664). Interestingly, the
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WT-sVNT and the gold standard MN methods had the closest bias to zero, which

indicates both methods are systemically producing the same results.
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Figure 23. Bland-Atlman plot results of WT-sVNT, WT-MN and WT-PNA to
compare assay methods. Plotted on the Y-axis is the difference and X-axis is the
average of ECso neutralizing antibodies against the SARS-CoV-2 WT S1-RBD. 95%
LoA (dashed line) WT-MN (n=36), WT-PNA (n=36) and WT-sVNT (n=36).
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DISCUSSION
Neutralizing antibody titers have been considered one of the measurable

correlates of protection needed to determine the threshold of protective immunity against
COVID-19. A reliable sVNT method using a rapid and automated platform to detect and
quantify neutralizing antibody titers could serve as an indicator of protective immunity.
Simple Plex™ immunoassays are automated, self-contained, and require minimal user
involvement once a cartridge is loaded with reagents and samples. Additionally, the
Simple Plex™ sVNT is easily modified to test sera for neutralizing antibody titers against

emerging variants.

In this study, we proposed that running a sVNT on a rapid and automated Simple
Plex™ immunoassay platform would render comparable neutralizing antibody titers to
other neutralization assays. MNs, and similar tests like PRNTs, are considered gold
standard neutralization assays because they utilize the WT live virus and are cell-based.
However, a limitation for SARS-CoV-2 is these VNAs must be performed in a BSL-3
laboratory and they take multiple days to complete. PNAs can be run in a BSL-2
laboratory, but it still takes multiple days to generate results. The current sVNTs do not
require cells, live or pseudo virus, can be performed in a BSL-2 lab, and can produce
results in just hours. The Simple Plex™ sVNT provides the added advantage of a more
rapid and automated assay compared to the current ELISA-based sVNT. We also wanted
to determine the ability of the automated sVNT to detect neutralizing antibodies against
multiple emerging SARS-CoV-2 variants. An advantage of our SARS-CoV-2 sVNT is
the relative ease of switching S1-RBD capture antigens depending upon the variant of

interest.
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Here we developed and evaluated a sVNT performed on the Simple Plex™ rapid
and automated immunoassay platform. The test achieves 100% sensitivity and 99-100%
specificity and when compared to a gold standard MN cell-based assay, the sVNT shows
a strong correlation and low bias in assay method comparison. Even though there were
differences in the ECso neutralizing antibody titers for some VNAs, all three assays had a
good overall positive correlation. These results are similar to studies that evaluated
commercially available sVNT [Tan et al. (2020) and Valcourt et al. (2021)] and supports
our hypothesis that similar titers of neutralizing antibodies can be detected using the
Simple Plex™ sVNT as compared to more traditional cell-based neutralization assays.
The gold standard MN assay determined ECso neutralizing antibody titers were not
significantly different compared to the WT-sVNT and Delta-sVNT, which was further
verified with correlation analysis and Bland-Altman bias agreement.

A current limitation in all sSVNTs is that only neutralizing activity between the S1-
RBD-hACE2 interaction can be detected. Not all neutralizing antibodies are RBD-
binding antibodies and may have neutralizing activity to other epitopes on the SARS-
CoV-2 virion that are not detected by the sVNT. While the sVNT cannot detect all
neutralizing activity, the most dominant neutralizing antibody response involves the S1-
RBD. The limitation of sVNT was highlighted by Hoffman et al. (2022) who determined
that the commercial sSVNT are suitable to detect neutralizing antibodies, but confirmatory
testing by PRNT is still needed (Hofmann et al. 2022). While the sVNT may never be
able to completely replace cell-based assays that use live virus, our results and others

demonstrate the utility and comparability of the sVNT to gold standard assays.
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In the current project, only one sample set was tested with known vaccination
status of the patient samples. To further validate our results, more sample sets from
different studies should be evaluated on the automated sVNT. A larger cohort of samples
should also be used for additional head-to-head comparisons of the various VNAs. In the
current study, only one sample set, one time point and one vaccine was analyzed, so
comparing the automated and rapid sVNT to a MN and PNA with more sample sets, at
different time points and multiple vaccines with samples of unknown vaccination status
would need to be tested to ensure that the findings are reproducible. Additional studies
should continue to evaluate the automated and rapid sVNTs ability to detect neutralizing
activity against additional emerging variants such as the Omicron variant (B.1.1.529) and
see if the MN and PNA render similar results to further demonstrate the robustness of the

automated rapid SARS-CoV-2 sVNT.

In summary, this highly sensitive and specific sSVNT shows strong correlation to
gold standard VNAs and can be used in future studies for monitoring levels of
neutralizing antibodies. Current commercially available sVNTs are rapid, but not
automated, so the Simple Plex™ sVNT developed here will be advantageous for
increasing the ease and throughput for determining SARS-CoV-2 neutralizing antibody
titers. This could lead to the possibility that in the future, clinics might be able to
implement this assay for routine monitoring of SARS-CoV-2 neutralizing antibody titers
to help inform the need for additional vaccination to protect the population from COVID-

19.
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SUPPLEMENTAL TABLES
S1. ROC analysis data for WT-sVNT
Sensitivity% 95% CI Sensitivity% 95% CI Likelihood ratio
>0.03000 100.0 96.40% to 100.0% 47.78 41.02% to 54.63% 1.915
>0.1900 100.0 96.40% to 100.0% 48.28 41.50% to 55.12% 1.933
> 0.3450 100.0 96.40% to 100.0% 48.77 41.98% to 55.60% 1.952
> 0.4300 100.0 96.40% to 100.0% 49.26 42.46% to 56.09% 1.971
> 0.5238 100.0 96.40% to 100.0% 49.75 42.94% to 56.57% 1.990
> (0.5862 100.0 96.40% to 100.0% 50.25 43.43% to 57.06% 2.010
> 0.6225 100.0 96.40% to 100.0% 50.74 43.91% to 57.54% 2.030
> 0.6325 100.0 96.40% to 100.0% 51.23 44.40% to 58.02% 2.051
> 0.6530 100.0 96.40% to 100.0% 51.72 44.88% to 58.50% 2.071
> 0.7455 100.0 96.40% to 100.0% 52.22 45.37% to 58.98% 2.093
> 0.8650 100.0 96.40% to 100.0% 52.71 45.85% to 59.46% 2.115
>0.9750 100.0 96.40% to 100.0% 53.20 46.34% to 59.94% 2.137
>1.071 100.0 96.40% to 100.0% 53.69 46.83% to 60.42% 2.160
>1.131 100.0 96.40% to 100.0% 54.19 47.32% to 60.90% 2.183
>1.190 100.0 96.40% to 100.0% 54.68 47.81% to 61.38% 2.207
>1.229 100.0 96.40% to 100.0% 55.17 48.30% to 61.85% 2.231
>1.284 100.0 96.40% to 100.0% 55.67 48.79% to 62.33% 2.256
>1.340 100.0 96.40% to 100.0% 56.16 49.28% to 62.81% 2.281
>1.365 100.0 96.40% to 100.0% 56.65 49.77% to 63.28% 2.307
>1.490 100.0 96.40% to 100.0% 57.14 50.26% to 63.76% 2.333
>1.610 100.0 96.40% to 100.0% 57.64 50.76% to 64.23% 2.360
>1.640 100.0 96.40% to 100.0% 58.13 51.25% to 64.70% 2.388
>1.676 100.0 96.40% to 100.0% 58.62 51.75% to 65.17% 2417
>1.731 100.0 96.40% to 100.0% 59.11 52.24% to 65.65% 2.446
>1.780 100.0 96.40% to 100.0% 59.61 52.74% to 66.12% 2.476
>1.840 100.0 96.40% to 100.0% 60.10 53.23% to 66.59% 2.506
>1.895 100.0 96.40% to 100.0% 60.59 53.73% to 67.06% 2.538
>1.930 100.0 96.40% to 100.0% 61.08 54.23% to 67.53% 2.570
>2.085 100.0 96.40% to 100.0% 61.58 54.73% to 67.99% 2.603
>2.270 100.0 96.40% to 100.0% 62.07 55.23% to 68.46% 2.636
>2.455 100.0 96.40% to 100.0% 62.56 55.73% to 68.93% 2.671
>2.610 100.0 96.40% to 100.0% 63.05 56.23% to 69.39% 2.707
>2.650 100.0 96.40% to 100.0% 63.55 56.73% to 69.86% 2.743
>2.680 100.0 96.40% to 100.0% 64.04 57.23% to 70.32% 2.781
>2.850 100.0 96.40% to 100.0% 64.53 57.74% to 70.79% 2.819
>3.010 100.0 96.40% to 100.0% 65.02 58.24% to 71.25% 2.859
>3.055 100.0 96.40% to 100.0% 65.52 58.75% to 71.71% 2.900
>3.155 100.0 96.40% to 100.0% 66.01 59.25% to 72.17% 2.942
>3.306 100.0 96.40% to 100.0% 66.50 59.76% to 72.64% 2.985
>3.401 100.0 96.40% to 100.0% 67.00 60.26% to 73.10% 3.030
> 3.640 100.0 96.40% to 100.0% 67.49 60.77% to 73.55% 3.076
>3.875 100.0 96.40% to 100.0% 67.98 61.28% to 74.01% 3.123
>3.927 100.0 96.40% to 100.0% 68.47 61.79% to 74.47% 3.172
>4.024 100.0 96.40% to 100.0% 68.97 62.30% to 74.93% 3.222
>4.187 100.0 96.40% to 100.0% 69.46 62.81% to 75.38% 3.274
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> 4.444 100.0 96.40% to 100.0% 69.95 63.32% to 75.84% 3.328
>4.673 100.0 96.40% to 100.0% 70.44 63.83% to 76.29% 3.383
> 4.999 100.0 96.40% to 100.0% 70.94 64.35% to 76.75% 3.441
> 5.248 100.0 96.40% to 100.0% 71.43 64.86% to 77.20% 3.500
>5.289 100.0 96.40% to 100.0% 71.92 65.38% to 77.65% 3.561
>5.336 100.0 96.40% to 100.0% 72.41 65.89% to 78.10% 3.625
> 5.400 100.0 96.40% to 100.0% 72.91 66.41% to 78.55% 3.691
> 5.480 100.0 96.40% to 100.0% 73.40 66.93% to 79.00% 3.759
>5.525 100.0 96.40% to 100.0% 73.89 67.45% to 79.45% 3.830
> 5.560 100.0 96.40% to 100.0% 74.38 67.97% to 79.90% 3.904
>5.705 100.0 96.40% to 100.0% 74.88 68.49% to 80.34% 3.980
>5.910 100.0 96.40% to 100.0% 75.37 69.01% to 80.79% 4.060
>6.015 100.0 96.40% to 100.0% 75.86 69.53% to 81.23% 4.143
>6.125 100.0 96.40% to 100.0% 76.35 70.05% to 81.68% 4.229
>6.215 100.0 96.40% to 100.0% 76.85 70.58% to 82.12% 4.319
>6.230 100.0 96.40% to 100.0% 77.34 71.10% to 82.56% 4.413
> 6.254 100.0 96.40% to 100.0% 77.83 71.63% to 83.00% 4.511
> 6.298 100.0 96.40% to 100.0% 78.33 72.16% to 83.44% 4.614
> 6.458 100.0 96.40% to 100.0% 78.82 72.69% to 83.88% 4.721
> 6.624 100.0 96.40% to 100.0% 79.31 73.22% to 84.31% 4.833
>6.735 100.0 96.40% to 100.0% 79.80 73.75% to 84.75% 4.951
> 6.890 100.0 96.40% to 100.0% 80.30 74.28% to 85.18% 5.075
>6.991 100.0 96.40% to 100.0% 80.79 74.82% to 85.62% 5.205
>7.056 100.0 96.40% to 100.0% 81.28 75.35% to 86.05% 5.342
>7.130 100.0 96.40% to 100.0% 81.77 75.89% to 86.48% 5.486
>7.343 100.0 96.40% to 100.0% 82.27 76.43% to 86.91% 5.639
>7.578 100.0 96.40% to 100.0% 82.76 76.97% to 87.33% 5.800
>7.700 100.0 96.40% to 100.0% 83.25 77.51% to 87.76% 5.971
>7.794 100.0 96.40% to 100.0% 83.74 78.05% to 88.18% 6.152
>7.829 100.0 96.40% to 100.0% 84.24 78.59% to 88.61% 6.344
>7.845 100.0 96.40% to 100.0% 84.73 79.14% to 89.03% 6.548
>17.970 100.0 96.40% to 100.0% 85.22 79.69% to 89.45% 6.767
>8.311 100.0 96.40% to 100.0% 85.71 80.24% to 89.87% 7.000
>8.811 100.0 96.40% to 100.0% 86.21 80.79% to 90.28% 7.250
>9.305 100.0 96.40% to 100.0% 86.70 81.34% to 90.70% 7.519
>9.560 100.0 96.40% to 100.0% 87.19 81.90% to 91.11% 7.808
>9.655 100.0 96.40% to 100.0% 87.68 82.45% to 91.52% 8.120
>9.746 100.0 96.40% to 100.0% 88.18 83.01% to 91.93% 8.458
>9.821 100.0 96.40% to 100.0% 88.67 83.57% t0 92.33% 8.826
>9.920 100.0 96.40% to 100.0% 89.16 84.14% to 92.73% 9.227
>10.00 100.0 96.40% to 100.0% 89.66 84.70% to 93.13% 9.667
>10.06 100.0 96.40% to 100.0% 90.15 85.27% to 93.53% 10.15
>10.17 100.0 96.40% to 100.0% 90.64 85.85% to 93.93% 10.68
>10.27 100.0 96.40% to 100.0% 91.13 86.42% to 94.32% 11.28
>10.62 100.0 96.40% to 100.0% 91.63 87.00% to 94.71% 11.94
>11.18 100.0 96.40% to 100.0% 92.12 87.58% to 95.09% 12.69
>11.56 100.0 96.40% to 100.0% 92.61 88.17% to 95.47% 13.53
>11.93 100.0 96.40% to 100.0% 93.10 88.76% to 95.85% 14.50
>12.26 100.0 96.40% to 100.0% 93.60 89.35% to 96.22% 15.62
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>12.37 100.0 96.40% to 100.0% 94.09 89.95% to 96.59% 16.92
>12.39 100.0 96.40% to 100.0% 94.58 90.56% to 96.95% 18.45
>12.50 100.0 96.40% to 100.0% 95.07 91.17% to 97.30% 20.30
>12.92 100.0 96.40% to 100.0% 95.57 91.79% to 97.65% 22.56
>14.14 100.0 96.40% to 100.0% 96.06 92.42% to 97.99% 25.38
>15.79 100.0 96.40% to 100.0% 96.55 93.05% to 98.32% 29.00
>17.79 100.0 96.40% to 100.0% 97.04 93.70% to 98.64% 33.83
>19.96 100.0 96.40% to 100.0% 97.54 94.36% to 98.94% 40.60
>21.56 100.0 96.40% to 100.0% 98.03 95.04% to 99.23% 50.75
>22.81 100.0 96.40% to 100.0% 98.52 95.75% to 99.60% 67.67
>24.30 100.0 96.40% to 100.0% 99.01 96.48% to 99.82% 101.5
>25.47 100.0 96.40% to 100.0% 99.51 97.26% to 99.97% 203.0
> 53.76 100.0 96.40% to 100.0% 100.0 98.14% to 100.0%
> 84.35 99.03 94.70% to 99.95% 100.0 98.14% to 100.0%
> 87.18 98.06 93.19% to 99.65% 100.0 98.14% to 100.0%
> 87.74 97.09 91.78% t0 99.21% 100.0 98.14% to 100.0%
> 89.29 96.12 90.44% to 98.48% 100.0 98.14% to 100.0%
>90.70 95.15 89.14% to 97.91% 100.0 98.14% to 100.0%
>90.99 94.17 87.87% to 97.30% 100.0 98.14% to 100.0%
>91.81 93.20 86.63% to 96.67% 100.0 98.14% to 100.0%
>93.03 92.23 85.42% to 96.01% 100.0 98.14% to 100.0%
>93.84 91.26 84.22% to 95.33% 100.0 98.14% to 100.0%
>94.13 90.29 83.04% to 94.64% 100.0 98.14% to 100.0%
>94.52 89.32 81.88% to 93.93% 100.0 98.14% to 100.0%
>94.91 88.35 80.73% to 93.21% 100.0 98.14% to 100.0%
>95.29 87.38 79.60% to 92.47% 100.0 98.14% to 100.0%
>95.72 86.41 78.47% to 91.73% 100.0 98.14% to 100.0%
>95.78 84.47 76.25% to 90.21% 100.0 98.14% to 100.0%
> 95.86 83.50 75.15% to 89.43% 100.0 98.14% to 100.0%
>95.95 82.52 74.06% to 88.65% 100.0 98.14% to 100.0%
>96.03 81.55 72.98% to 87.86% 100.0 98.14% to 100.0%
>96.15 80.58 71.90% to 87.06% 100.0 98.14% to 100.0%
>96.21 79.61 70.83% to 86.26% 100.0 98.14% to 100.0%
>96.43 78.64 69.77% to 85.45% 100.0 98.14% to 100.0%
>96.71 77.67 68.72% to 84.63% 100.0 98.14% to 100.0%
>96.80 76.70 67.67% to 83.81% 100.0 98.14% to 100.0%
> 96.84 75.73 66.62% to 82.98% 100.0 98.14% to 100.0%
>96.85 74.76 65.58% to 82.15% 100.0 98.14% to 100.0%
>97.00 73.79 64.55% to 81.31% 100.0 98.14% to 100.0%
>97.14 72.82 63.52% to 80.47% 100.0 98.14% to 100.0%
>97.16 71.84 62.49% to 79.62% 100.0 98.14% to 100.0%
>97.23 70.87 61.48% to 78.77% 100.0 98.14% to 100.0%
>97.37 69.90 60.46% to 77.91% 100.0 98.14% to 100.0%
>97.49 68.93 59.45% to 77.05% 100.0 98.14% to 100.0%
>97.56 67.96 58.44% to 76.19% 100.0 98.14% to 100.0%
>97.61 66.99 57.44% to 75.32% 100.0 98.14% to 100.0%
>97.67 66.02 56.44% to 74.44% 100.0 98.14% to 100.0%
>97.73 65.05 55.45% to 73.56% 100.0 98.14% to 100.0%
>97.77 64.08 54.46% to 72.68% 100.0 98.14% to 100.0%
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>97.79 63.11 53.47% to 71.80% 100.0 98.14% to 100.0%
>97.81 61.17 51.51% to 70.01% 100.0 98.14% to 100.0%
>97.84 60.19 50.54% to 69.12% 100.0 98.14% to 100.0%
>97.88 59.22 49.57% to 68.22% 100.0 98.14% to 100.0%
>97.90 58.25 48.60% to 67.31% 100.0 98.14% to 100.0%
>97.96 57.28 47.64% to 66.40% 100.0 98.14% to 100.0%
>98.02 56.31 46.68% to 65.49% 100.0 98.14% to 100.0%
> 98.07 54.37 44.77% to 63.66% 100.0 98.14% to 100.0%
>98.13 53.40 43.82% to 62.74% 100.0 98.14% to 100.0%
>98.18 52.43 42.87% to 61.81% 100.0 98.14% to 100.0%
>98.25 51.46 41.93% to 60.88% 100.0 98.14% to 100.0%
>98.33 49.51 40.05% to 59.01% 100.0 98.14% to 100.0%
>98.37 48.54 39.12% to 58.07% 100.0 98.14% to 100.0%
>98.39 47.57 38.19% to 57.13% 100.0 98.14% to 100.0%
>98.40 46.60 37.26% to 56.18% 100.0 98.14% to 100.0%
>98.41 45.63 36.34% to 55.23% 100.0 98.14% to 100.0%
>98.45 44.66 35.42% to 54.28% 100.0 98.14% to 100.0%
>98.49 43.69 34.51% to 53.32% 100.0 98.14% to 100.0%
>98.53 42.72 33.60% to 52.36% 100.0 98.14% to 100.0%
>98.57 41.75 32.69% to 51.40% 100.0 98.14% to 100.0%
>98.59 40.78 31.78% to 50.43% 100.0 98.14% to 100.0%
>98.61 39.81 30.88% to 49.46% 100.0 98.14% to 100.0%
> 98.65 38.83 29.99% to 48.49% 100.0 98.14% to 100.0%
> 98.68 37.86 29.09% to 47.51% 100.0 98.14% to 100.0%
>98.71 36.89 28.20% to 46.53% 100.0 98.14% to 100.0%
>98.77 35.92 27.32% to 45.54% 100.0 98.14% to 100.0%
>98.85 34.95 26.44% to 44.55% 100.0 98.14% to 100.0%
> 98.89 33.98 25.56% to 43.56% 100.0 98.14% to 100.0%
>98.93 32.04 23.81% to 41.56% 100.0 98.14% to 100.0%
> 98.98 30.10 22.09% to 39.54% 100.0 98.14% to 100.0%
>98.99 28.16 20.38% to 37.51% 100.0 98.14% to 100.0%
>99.03 27.18 19.53% to 36.48% 100.0 98.14% to 100.0%
> 99.08 25.24 17.85% to 34.42% 100.0 98.14% to 100.0%
>99.10 24.27 17.02% to 33.38% 100.0 98.14% to 100.0%
>99.11 23.30 16.19% to 32.33% 100.0 98.14% to 100.0%
>99.14 22.33 15.37% to 31.28% 100.0 98.14% to 100.0%
>99.16 21.36 14.55% to 30.23% 100.0 98.14% to 100.0%
>99.18 20.39 13.74% t0 29.17% 100.0 98.14% to 100.0%
>99.22 18.45 12.14% to 27.02% 100.0 98.14% to 100.0%
>99.27 17.48 11.35% to 25.94% 100.0 98.14% to 100.0%
>99.29 16.50 10.57% to 24.85% 100.0 98.14% to 100.0%
>99.32 15.53 9.794% to 23.75% 100.0 98.14% to 100.0%
>99.35 14.56 9.028% to 22.65% 100.0 98.14% to 100.0%
>99.37 13.59 8.272% to 21.53% 100.0 98.14% to 100.0%
>99.38 12.62 7.526% to 20.40% 100.0 98.14% to 100.0%
>99.40 11.65 6.792% to 19.27% 100.0 98.14% to 100.0%
>99.43 10.68 6.069% to 18.12% 100.0 98.14% to 100.0%
>99.47 9.709 5.359% to 16.96% 100.0 98.14% to 100.0%
>99.49 8.738 4.665% to 15.78% 100.0 98.14% to 100.0%
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>99.53 6.796 3.331% to 13.37% 100.0 98.14% to 100.0%
>99.57 5.825 2.697% to 12.13% 100.0 98.14% to 100.0%
>99.58 4.854 2.091% to 10.86% 100.0 98.14% to 100.0%
>99.59 3.883 1.520% to 9.563% 100.0 98.14% to 100.0%
> 99.60 2.913 0.7939% to 8.216% 100.0 98.14% to 100.0%
>99.61 1.942 0.3450% to 6.805% 100.0 98.14% to 100.0%
>99.68 0.9709 0.04980% to 5.296% 100.0 98.14% to 100.0%
Abbreviations: CI: Confidence Interval.
S2. ROC analysis data for Delta-sVNT
Sensitivity% 95% CI Specificity% 95% CI Likelihood ratio
>0.09500 100.0 96.40% to 100.0% 29.06 23.25% to 35.65% 1.410
>(.2250 100.0 96.40% to 100.0% 29.56 23.71% to 36.17% 1.420
>(0.3400 100.0 96.40% to 100.0% 30.05 24.16% to 36.68% 1.430
>0.5150 100.0 96.40% to 100.0% 30.54 24.62% to 37.19% 1.440
>0.6911 100.0 96.40% to 100.0% 31.03 25.07% to 37.70% 1.450
>0.8111 100.0 96.40% to 100.0% 31.53 25.53% to 38.21% 1.460
> (0.8650 100.0 96.40% to 100.0% 32.02 25.99% to 38.72% 1.471
> (.8850 100.0 96.40% to 100.0% 32.51 26.45% to 39.23% 1.482
> 0.9600 100.0 96.40% to 100.0% 33.00 26.90% to 39.74% 1.493
>1.155 100.0 96.40% to 100.0% 33.50 27.36% to 40.24% 1.504
>1.302 100.0 96.40% to 100.0% 33.99 27.83% to 40.75% 1.515
>1.367 100.0 96.40% to 100.0% 34.48 28.29% to 41.25% 1.526
>1.430 100.0 96.40% to 100.0% 34.98 28.75% to 41.76% 1.538
> 1.480 100.0 96.40% to 100.0% 35.47 29.21% to 42.26% 1.550
> 1.565 100.0 96.40% to 100.0% 35.96 29.68% to 42.77% 1.562
>1.625 100.0 96.40% to 100.0% 36.45 30.14% to 43.27% 1.574
> 1.645 100.0 96.40% to 100.0% 36.95 30.61% to 43.77% 1.586
> 1.665 100.0 96.40% to 100.0% 37.44 31.07% to 44.27% 1.598
> 1.684 100.0 96.40% to 100.0% 37.93 31.54% to 44.77% 1.611
>1.719 100.0 96.40% to 100.0% 38.42 32.01% to 45.27% 1.624
>1.750 100.0 96.40% to 100.0% 38.92 32.47% to 45.77% 1.637
>1.828 100.0 96.40% to 100.0% 39.41 32.94% to 46.27% 1.650
>1.928 100.0 96.40% to 100.0% 39.90 33.41% to 46.77% 1.664
>2.006 100.0 96.40% to 100.0% 40.39 33.88% to 47.26% 1.678
>2.151 100.0 96.40% to 100.0% 40.89 34.35% to 47.76% 1.692
>2.255 100.0 96.40% to 100.0% 41.38 34.83% to 48.25% 1.706
>2.265 100.0 96.40% to 100.0% 41.87 35.30% to 48.75% 1.720
>2.305 100.0 96.40% to 100.0% 42.36 35.77% to 49.24% 1.735
>2.365 100.0 96.40% to 100.0% 42.86 36.24% to 49.74% 1.750
>2.398 100.0 96.40% to 100.0% 43.35 36.72% to 50.23% 1.765
>2418 100.0 96.40% to 100.0% 43.84 37.19% to 50.72% 1.781
>2.550 100.0 96.40% to 100.0% 44.33 37.67% to 51.21% 1.796
>2.705 100.0 96.40% to 100.0% 44.83 38.15% to 51.70% 1.813
>2.785 100.0 96.40% to 100.0% 45.32 38.62% to 52.19% 1.829
>2.850 100.0 96.40% to 100.0% 45.81 39.10% to 52.68% 1.845
>2.940 100.0 96.40% to 100.0% 46.31 39.58% to 53.17% 1.862
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>3.063 100.0 96.40% to 100.0% 46.80 40.06% to 53.66% 1.880
>3.218 100.0 96.40% to 100.0% 47.29 40.54% to 54.15% 1.897
>3.520 100.0 96.40% to 100.0% 47.78 41.02% to 54.63% 1.915
>3.760 100.0 96.40% to 100.0% 48.28 41.50% to 55.12% 1.933
> 3.805 100.0 96.40% to 100.0% 48.77 41.98% to 55.60% 1.952
> 3.845 100.0 96.40% to 100.0% 49.26 42.46% to 56.09% 1.971
>3.895 100.0 96.40% to 100.0% 49.75 42.94% to 56.57% 1.990
>3.940 100.0 96.40% to 100.0% 50.25 43.43% to 57.06% 2.010
> 4.080 100.0 96.40% to 100.0% 50.74 43.91% to 57.54% 2.030
> 4.266 100.0 96.40% to 100.0% 51.23 44.40% to 58.02% 2.051
> 4.466 100.0 96.40% to 100.0% 51.72 44.88% to 58.50% 2.071
> 4.620 100.0 96.40% to 100.0% 52.22 45.37% to 58.98% 2.093
>4.670 100.0 96.40% to 100.0% 52.71 45.85% to 59.46% 2.115
> 4.695 100.0 96.40% to 100.0% 53.20 46.34% to 59.94% 2.137
>4.705 100.0 96.40% to 100.0% 53.69 46.83% to 60.42% 2.160
>4.744 100.0 96.40% to 100.0% 54.19 47.32% to 60.90% 2.183
>4.779 100.0 96.40% to 100.0% 54.68 47.81% to 61.38% 2.207
>4.795 100.0 96.40% to 100.0% 55.17 48.30% to 61.85% 2.231
> 4.820 100.0 96.40% to 100.0% 56.16 49.28% to 62.81% 2.281
> 4.835 100.0 96.40% to 100.0% 56.65 49.77% to 63.28% 2.307
> 4.855 100.0 96.40% to 100.0% 57.14 50.26% to 63.76% 2.333
>4.905 100.0 96.40% to 100.0% 57.64 50.76% to 64.23% 2.360
> 4.998 100.0 96.40% to 100.0% 58.13 51.25% to 64.70% 2.388
>5.092 100.0 96.40% to 100.0% 58.62 51.75% to 65.17% 2.417
>5.214 100.0 96.40% to 100.0% 59.11 52.24% to 65.65% 2.446
>5.320 100.0 96.40% to 100.0% 59.61 52.74% to 66.12% 2.476
>5.375 100.0 96.40% to 100.0% 60.10 53.23% to 66.59% 2.506
>5.420 100.0 96.40% to 100.0% 60.59 53.73% to 67.06% 2.538
> 5475 100.0 96.40% to 100.0% 61.08 54.23% to 67.53% 2.570
>5.535 100.0 96.40% to 100.0% 61.58 54.73% to 67.99% 2.603
>5.675 100.0 96.40% to 100.0% 62.56 55.73% to 68.93% 2.671
> 5.845 100.0 96.40% to 100.0% 63.05 56.23% to 69.39% 2.707
>5.925 100.0 96.40% to 100.0% 63.55 56.73% to 69.86% 2.743
> 6.060 100.0 96.40% to 100.0% 64.04 57.23% to 70.32% 2.781
>6.180 100.0 96.40% to 100.0% 64.53 57.74% to 70.79% 2.819
> 6.248 100.0 96.40% to 100.0% 65.02 58.24% to 71.25% 2.859
>6.353 100.0 96.40% to 100.0% 65.52 58.75% to 71.71% 2.900
> 6.435 100.0 96.40% to 100.0% 66.01 59.25% to 72.17% 2.942
> 6.560 100.0 96.40% to 100.0% 66.50 59.76% to 72.64% 2.985
> 6.680 100.0 96.40% to 100.0% 67.00 60.26% to 73.10% 3.030
>6.736 100.0 96.40% to 100.0% 67.49 60.77% to 73.55% 3.076
>6.791 100.0 96.40% to 100.0% 67.98 61.28% to 74.01% 3.123
> 6.865 100.0 96.40% to 100.0% 68.47 61.79% to 74.47% 3.172
> 6.964 100.0 96.40% to 100.0% 68.97 62.30% to 74.93% 3.222
>7.124 100.0 96.40% to 100.0% 69.46 62.81% to 75.38% 3.274
>7.275 100.0 96.40% to 100.0% 69.95 63.32% to 75.84% 3.328
>17.320 100.0 96.40% to 100.0% 70.44 63.83% to 76.29% 3.383
>7.465 100.0 96.40% to 100.0% 70.94 64.35% to 76.75% 3.441
>17.770 100.0 96.40% to 100.0% 71.43 64.86% to 77.20% 3.500
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>7.971 100.0 96.40% to 100.0% 71.92 65.38% to 77.65% 3.561
> 8.068 100.0 96.40% to 100.0% 72.41 65.89% to 78.10% 3.625
>8.193 100.0 96.40% to 100.0% 72.91 66.41% to 78.55% 3.691
> 8.280 100.0 96.40% to 100.0% 73.40 66.93% to 79.00% 3.759
>8.335 100.0 96.40% to 100.0% 73.89 67.45% to 79.45% 3.830
> 8.495 100.0 96.40% to 100.0% 74.38 67.97% to 79.90% 3.904
> 8.655 100.0 96.40% to 100.0% 74.88 68.49% to 80.34% 3.980
> 8.760 100.0 96.40% to 100.0% 75.37 69.01% to 80.79% 4.060
> 8.965 100.0 96.40% to 100.0% 75.86 69.53% to 81.23% 4.143
>9.225 100.0 96.40% to 100.0% 76.35 70.05% to 81.68% 4.229
>9410 100.0 96.40% to 100.0% 76.85 70.58% to 82.12% 4.319
>9.490 100.0 96.40% to 100.0% 77.34 71.10% to 82.56% 4.413
>9.560 100.0 96.40% to 100.0% 77.83 71.63% to 83.00% 4.511
>9.605 100.0 96.40% to 100.0% 78.33 72.16% to 83.44% 4.614
>9.686 100.0 96.40% to 100.0% 78.82 72.69% to 83.88% 4.721
>9.789 100.0 96.40% to 100.0% 79.31 73.22% to 84.31% 4.833
>9.828 100.0 96.40% to 100.0% 79.80 73.75% to 84.75% 4.951
>9.883 100.0 96.40% to 100.0% 80.30 74.28% to 85.18% 5.075
>9.948 100.0 96.40% to 100.0% 80.79 74.82% to 85.62% 5.205
>9.990 100.0 96.40% to 100.0% 81.28 75.35% to 86.05% 5.342
>10.02 100.0 96.40% to 100.0% 81.77 75.89% to 86.48% 5.486
>10.14 100.0 96.40% to 100.0% 82.27 76.43% to 86.91% 5.639
>10.36 100.0 96.40% to 100.0% 82.76 76.97% to 87.33% 5.800
>10.49 100.0 96.40% to 100.0% 83.74 78.05% to 88.18% 6.152
> 10.68 100.0 96.40% to 100.0% 84.24 78.59% to 88.61% 6.344
>10.89 100.0 96.40% to 100.0% 84.73 79.14% to 89.03% 6.548
>11.12 100.0 96.40% to 100.0% 85.22 79.69% to 89.45% 6.767
>11.33 100.0 96.40% to 100.0% 85.71 80.24% to 89.87% 7.000
>11.40 100.0 96.40% to 100.0% 86.21 80.79% to 90.28% 7.250
>11.46 100.0 96.40% to 100.0% 86.70 81.34% to 90.70% 7.519
>11.57 100.0 96.40% to 100.0% 87.19 81.90% to 91.11% 7.808
> 12.06 100.0 96.40% to 100.0% 87.68 82.45% to 91.52% 8.120
>13.03 100.0 96.40% to 100.0% 88.18 83.01% to 91.93% 8.458
>13.76 100.0 96.40% to 100.0% 88.67 83.57% to 92.33% 8.826
>14.12 100.0 96.40% to 100.0% 89.16 84.14% to 92.73% 9.227
> 14.55 100.0 96.40% to 100.0% 89.66 84.70% to 93.13% 9.667
> 15.07 100.0 96.40% to 100.0% 90.15 85.27% to 93.53% 10.15
>15.43 100.0 96.40% to 100.0% 90.64 85.85% to 93.93% 10.68
> 15.74 100.0 96.40% to 100.0% 91.13 86.42% to 94.32% 11.28
>16.35 100.0 96.40% to 100.0% 91.63 87.00% to 94.71% 11.94
> 16.82 100.0 96.40% to 100.0% 92.12 87.58% to 95.09% 12.69
>17.09 100.0 96.40% to 100.0% 92.61 88.17% to 95.47% 13.53
>17.28 100.0 96.40% to 100.0% 93.10 88.76% to 95.85% 14.50
>17.33 100.0 96.40% to 100.0% 93.60 89.35% to 96.22% 15.62
>17.44 100.0 96.40% to 100.0% 94.09 89.95% to 96.59% 16.92
> 18.04 100.0 96.40% to 100.0% 94.58 90.56% to 96.95% 18.45
> 18.66 100.0 96.40% to 100.0% 95.07 91.17% to 97.30% 20.30
>19.10 100.0 96.40% to 100.0% 95.57 91.79% to 97.65% 22.56
>20.26 100.0 96.40% to 100.0% 96.06 92.42% to 97.99% 25.38
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>21.99 100.0 96.40% to 100.0% 96.55 93.05% to 98.32% 29.00
>24.75 100.0 96.40% to 100.0% 97.04 93.70% to 98.64% 33.83
>26.74 100.0 96.40% to 100.0% 97.54 94.36% to 98.94% 40.60
>27.28 100.0 96.40% to 100.0% 98.03 95.04% to 99.23% 50.75
>29.22 100.0 96.40% to 100.0% 98.52 95.75% to 99.60% 67.67
>34.18 100.0 96.40% to 100.0% 99.01 96.48% to 99.82% 101.5
>39.32 100.0 96.40% to 100.0% 99.51 97.26% to 99.97% 203.0
> 60.36 100.0 96.40% to 100.0% 100.0 98.14% to 100.0%
>81.23 99.03 94.70% to 99.95% 100.0 98.14% to 100.0%
> 84.09 98.06 93.19% to 99.65% 100.0 98.14% to 100.0%
> 85.67 97.09 91.78% to 99.21% 100.0 98.14% to 100.0%
> 86.57 96.12 90.44% to 98.48% 100.0 98.14% to 100.0%
> 88.29 95.15 89.14% to 97.91% 100.0 98.14% to 100.0%
> 89.42 94.17 87.87% to 97.30% 100.0 98.14% to 100.0%
>90.71 93.20 86.63% to 96.67% 100.0 98.14% to 100.0%
>92.12 92.23 85.42% to 96.01% 100.0 98.14% to 100.0%
>92.89 91.26 84.22% to 95.33% 100.0 98.14% to 100.0%
>93.84 90.29 83.04% to 94.64% 100.0 98.14% to 100.0%
>94.19 89.32 81.88% to 93.93% 100.0 98.14% to 100.0%
>94.38 88.35 80.73% to 93.21% 100.0 98.14% to 100.0%
>94.63 87.38 79.60% to 92.47% 100.0 98.14% to 100.0%
>94.75 86.41 78.47% to 91.73% 100.0 98.14% to 100.0%
>94.90 85.44 77.35% to 90.97% 100.0 98.14% to 100.0%
> 95.08 84.47 76.25% to 90.21% 100.0 98.14% to 100.0%
>95.40 82.52 74.06% to 88.65% 100.0 98.14% to 100.0%
> 95.66 81.55 72.98% to 87.86% 100.0 98.14% to 100.0%
>95.73 80.58 71.90% to 87.06% 100.0 98.14% to 100.0%
>95.85 79.61 70.83% to 86.26% 100.0 98.14% to 100.0%
>95.92 78.64 69.77% to 85.45% 100.0 98.14% to 100.0%
>95.93 77.67 68.72% to 84.63% 100.0 98.14% to 100.0%
> 96.04 76.70 67.67% to 83.81% 100.0 98.14% to 100.0%
>96.19 75.73 66.62% to 82.98% 100.0 98.14% to 100.0%
>96.24 74.76 65.58% to 82.15% 100.0 98.14% to 100.0%
>96.31 73.79 64.55% to 81.31% 100.0 98.14% to 100.0%
>96.41 72.82 63.52% to 80.47% 100.0 98.14% to 100.0%
>96.50 71.84 62.49% to 79.62% 100.0 98.14% to 100.0%
>96.55 70.87 61.48% to 78.77% 100.0 98.14% to 100.0%
>96.56 69.90 60.46% to 77.91% 100.0 98.14% to 100.0%
>96.59 68.93 59.45% to 77.05% 100.0 98.14% to 100.0%
> 96.67 67.96 58.44% to 76.19% 100.0 98.14% to 100.0%
>96.80 66.99 57.44% to 75.32% 100.0 98.14% to 100.0%
> 96.89 66.02 56.44% to 74.44% 100.0 98.14% to 100.0%
>97.08 65.05 55.45% to 73.56% 100.0 98.14% to 100.0%
>97.30 64.08 54.46% to 72.68% 100.0 98.14% to 100.0%
>97.40 63.11 53.47% to 71.80% 100.0 98.14% to 100.0%
>97.46 62.14 52.49% to 70.91% 100.0 98.14% to 100.0%
>97.47 61.17 51.51% to 70.01% 100.0 98.14% to 100.0%
>97.48 60.19 50.54% to 69.12% 100.0 98.14% to 100.0%
>97.49 58.25 48.60% to 67.31% 100.0 98.14% to 100.0%
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>97.53 57.28 47.64% to 66.40% 100.0 98.14% to 100.0%
>97.56 56.31 46.68% to 65.49% 100.0 98.14% to 100.0%
>97.58 55.34 45.72% to 64.58% 100.0 98.14% to 100.0%
>97.60 54.37 44.77% to 63.66% 100.0 98.14% to 100.0%
>97.65 53.40 43.82% to 62.74% 100.0 98.14% to 100.0%
>97.71 52.43 42.87% to 61.81% 100.0 98.14% to 100.0%
>97.74 51.46 41.93% to 60.88% 100.0 98.14% to 100.0%
>97.77 50.49 40.99% to 59.95% 100.0 98.14% to 100.0%
>97.82 49.51 40.05% to 59.01% 100.0 98.14% to 100.0%
>97.85 48.54 39.12% to 58.07% 100.0 98.14% to 100.0%
>97.91 47.57 38.19% to 57.13% 100.0 98.14% to 100.0%
> 98.04 46.60 37.26% to 56.18% 100.0 98.14% to 100.0%
>98.13 45.63 36.34% to 55.23% 100.0 98.14% to 100.0%
>98.16 44.66 35.42% to 54.28% 100.0 98.14% to 100.0%
>98.24 43.69 34.51% to 53.32% 100.0 98.14% to 100.0%
>98.34 42.72 33.60% to 52.36% 100.0 98.14% to 100.0%
>98.39 41.75 32.69% to 51.40% 100.0 98.14% to 100.0%
>98.43 40.78 31.78% to 50.43% 100.0 98.14% to 100.0%
>98.46 39.81 30.88% to 49.46% 100.0 98.14% to 100.0%
>98.49 38.83 29.99% to 48.49% 100.0 98.14% to 100.0%
>98.51 37.86 29.09% to 47.51% 100.0 98.14% to 100.0%
>98.52 35.92 27.32% to 45.54% 100.0 98.14% to 100.0%
>98.54 34.95 26.44% to 44.55% 100.0 98.14% to 100.0%
> 98.56 33.98 25.56% to 43.56% 100.0 98.14% to 100.0%
>98.59 33.01 24.68% to 42.56% 100.0 98.14% to 100.0%
> 98.66 32.04 23.81% to 41.56% 100.0 98.14% to 100.0%
>98.75 31.07 22.95% to 40.55% 100.0 98.14% to 100.0%
>98.78 30.10 22.09% to 39.54% 100.0 98.14% to 100.0%
>98.79 27.18 19.53% to 36.48% 100.0 98.14% to 100.0%
> 98.82 26.21 18.69% to 35.45% 100.0 98.14% to 100.0%
>98.90 25.24 17.85% to 34.42% 100.0 98.14% to 100.0%
>98.95 24.27 17.02% to 33.38% 100.0 98.14% to 100.0%
> 98.98 23.30 16.19% to 32.33% 100.0 98.14% to 100.0%
>99.02 22.33 15.37% to 31.28% 100.0 98.14% to 100.0%
>99.05 20.39 13.74% to0 29.17% 100.0 98.14% to 100.0%
> 99.08 19.42 12.94% to 28.10% 100.0 98.14% to 100.0%
>99.09 18.45 12.14% to 27.02% 100.0 98.14% to 100.0%
>99.11 16.50 10.57% to 24.85% 100.0 98.14% to 100.0%
>99.14 15.53 9.794% to 23.75% 100.0 98.14% to 100.0%
>99.18 14.56 9.028% to 22.65% 100.0 98.14% to 100.0%
>99.21 13.59 8.272% to 21.53% 100.0 98.14% to 100.0%
>99.26 12.62 7.526% to 20.40% 100.0 98.14% to 100.0%
>99.30 10.68 6.069% to 18.12% 100.0 98.14% to 100.0%
>99.31 9.709 5.359% to 16.96% 100.0 98.14% to 100.0%
>99.33 7.767 3.988% to 14.58% 100.0 98.14% to 100.0%
>99.35 6.796 3.331% to 13.37% 100.0 98.14% to 100.0%
>99.38 4.854 2.091% to 10.86% 100.0 98.14% to 100.0%
>99.39 3.883 1.520% to 9.563% 100.0 98.14% to 100.0%
>99.46 2.913 0.7939% to 8.216% 100.0 98.14% to 100.0%
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>99.56 1.942 0.3450% to 6.805% 100.0 98.14% to 100.0%

>99.61 0.9709 0.04980% to 5.296% 100.0 98.14% to 100.0%

Abbreviations: Cl: Confidence Interval.

S3. Calculated ECso values for WT/Delta-sVNT pre and post-vaccination samples

WT ECso Delta ECso
Pre-Vaccination ECs Post-Vaccination ECso | Pre-Vaccination ECs Post-Vaccination ECs
P126-S00-1005 NT P126-S00-1005 531.5 | P126-S00-1005 NT P126-S00-1005 326.1
P126-S00-1007 NT P126-S00-1007 292.3 | P126-S00-1007 25.65 P126-S00-1007 253.8
P126-S00-1008 NT P126-S00-1008 91.97 | P126-S00-1008 NT P126-S00-1008 81.51
P126-S00-1009 NT P126-S00-1009 378 P126-S00-1009 NT P126-S00-1009 245.3
P126-S00-1011 165.2 P126-S00-1011 300.7 | P126-S00-1011 NT P126-S00-1011 218.9
P126-S00-1012 NT P126-S00-1012 160.2 | P126-S00-1012 34.47 P126-S00-1012 1251
P126-S00-1013 NT P126-S00-1013 63.33 | P126-S00-1013 NT P126-S00-1013 68.76
P126-S00-1014 NT P126-S00-1014 125.8 | P126-S00-1014 NT P126-S00-1014 116.3
P126-S00-1015 NT P126-S00-1015 103.9 | P126-S00-1015 NT P126-S00-1015 72.88
P126-S00-1017 NT P126-S00-1017 395.9 | P126-S00-1017 NT P126-S00-1017 236.7
P126-S00-1018 NT P126-S00-1018 360.7 | P126-S00-1018 NT P126-S00-1018 295.8
P126-S00-1020 NT P126-S00-1020 103.2 | P126-S00-1020 NT P126-S00-1020 62.06
P126-S00-1021 NT P126-S00-1021 543.3 | P126-S00-1021 NT P126-S00-1021 421.3
P126-S00-1022 NT P126-S00-1022 131 P126-S00-1022 NT P126-S00-1022 124.1
P126-S00-1023 NT P126-S00-1023 147.1 | P126-S00-1023 NT P126-S00-1023 112
P126-S00-1024 NT P126-S00-1024 257.1 | P126-S00-1024 NT P126-S00-1024 159.2
P126-S00-1026 NT P126-S00-1026 118.6 | P126-S00-1026 28.38 P126-S00-1026 79.71
P126-S00-1027 241 P126-S00-1027 70.79 | P126-S00-1027 NT P126-S00-1027 55.97
P126-S00-1029 NT P126-S00-1029 253.1 | P126-S00-1029 NT P126-S00-1029 188.9
P126-S00-1031 NT P126-S00-1031 130.7 | P126-S00-1031 NT P126-S00-1031 109.9
P126-S00-1032 63.93 P126-S00-1032 84.62 | P126-S00-1032 NT P126-S00-1032 75.55
P126-S00-1033 36.57 P126-S00-1033 148.4 | P126-S00-1033 17.15 P126-S00-1033 NT
P126-S00-1037 NT P126-S00-1037 222.1 | P126-S00-1037 NT P126-S00-1037 183.1
P126-S00-1038 NT P126-S00-1038 283.3 | P126-S00-1038 NT P126-S00-1038 228.8
P126-S00-1040 NT P126-S00-1040 110.6 | P126-S00-1040 NT P126-S00-1040 75.52
P126-S00-1041 NT P126-S00-1041 217.3 | P126-S00-1041 NT P126-S00-1041 176.2
P126-S00-1042 NT P126-S00-1042 127.6 | P126-S00-1042 NT P126-S00-1042 113.8
P126-S00-1043 NT P126-S00-1043 225.1 | P126-S00-1043 103.1 P126-S00-1043 108.6
P126-S00-1044 NT P126-S00-1044 44.94 | P126-S00-1044 418.3 P126-S00-1044 31.32
P126-S00-1045 NT P126-S00-1045 140.1 | P126-S00-1045 NT P126-S00-1045 68.18
P126-S00-1048 NT P126-S00-1048 153.6 | P126-S00-1048 NT P126-S00-1048 108.1
P126-S00-1049 NT P126-S00-1049 152 P126-S00-1049 NT P126-S00-1049 69.89
P126-S00-1050 NT P126-S00-1050 19.07 | P126-S00-1050 NT P126-S00-1050 29.23
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P126-S00-1054 NT P126-S00-1054 273.7 | P126-S00-1054 38.3 P126-S00-1054 182
P126-S00-1055 NT P126-S00-1055 400.2 | P126-S00-1055 10.21 P126-S00-1055 269.9
P126-S00-1056 NT P126-S00-1056 93.68 | P126-S00-1056 NT P126-S00-1056 78.98
P126-S00-1057 NT P126-S00-1057 134 P126-S00-1057 NT P126-S00-1057 116.6
P126-S00-1058 *NT P126-S00-1058 108.2 | P126-S00-1058 3167 P126-S00-1058 84.76
P126-S00-1060 *NT P126-S00-1060 125.3 | P126-S00-1060 NT P126-S00-1060 120.1
P126-S00-1064 NT P126-S00-1064 4545 | P126-S00-1064 NT P126-S00-1064 10.02
P126-S00-1065 NT P126-S00-1065 475 P126-S00-1065 NT P126-S00-1065 310.1
P126-S00-1066 NT P126-S00-1066 146.5 | P126-S00-1066 40.37 P126-S00-1066 101.9
P126-S00-1068 NT P126-S00-1068 809.3 | P126-S00-1068 NT P126-S00-1068 567.7
P126-S00-1069 NT P126-S00-1069 81.84 | P126-S00-1069 NT P126-S00-1069 66.93
P126-S00-1071 *NT P126-S00-1071 397.1 P126-S00-1071 65.61 P126-S00-1071 331.3
P126-S00-1073 NT P126-S00-1073 233 P126-S00-1073 NT P126-S00-1073 193.6
P126-S00-1074 NT P126-S00-1074 347.7 | P126-S00-1074 NT P126-S00-1074 248.3
P126-S00-1076 NT P126-S00-1076 170.2 | P126-S00-1076 NT P126-S00-1076 151.9
P126-S00-1078 NT P126-S00-1078 76.92 | P126-S00-1078 NT P126-S00-1078 97.39
P126-S00-1079 NT P126-S00-1079 74.17 | P126-S00-1079 NT P126-S00-1079 105.7
P126-S00-1082 NT P126-S00-1082 124.9 | P126-S00-1082 47.55 P126-S00-1082 152
P126-S00-1084 *NT P126-S00-1084 275.6 | P126-S00-1084 NT P126-S00-1084 199.3
P126-S00-1085 P126-S00-1085 199.1 P126-S00-1085 NT P126-S00-1085 125.7
P126-S00-1087 NT P126-S00-1087 452.9 | P126-S00-1087 NT P126-S00-1087 294
P126-S00-1091 NT P126-S00-1091 414.4 | P126-S00-1091 NT P126-S00-1091 382.3
P126-S00-1095 P126-S00-1095 777.4 | P126-S00-1095 NT P126-S00-1095 655.7
P126-S00-1101 *NT P126-S00-1101 234.8 | P126-S00-1101 13.64 P126-S00-1101 245.9
P126-S00-1103 *NT P126-S00-1103 148.5 | P126-S00-1103 NT P126-S00-1103 123.8
P126-S00-1105 NT P126-S00-1105 181.2 | P126-S00-1105 NT P126-S00-1105 166.4
P126-S00-1106 NT P126-S00-1106 1514 | P126-S00-1106 83.83 P126-S00-1106 141.9
P126-S00-1107 NT P126-S00-1107 145.8 | P126-S00-1107 NT P126-S00-1107 108
P126-S00-1109 NT P126-S00-1109 332.9 | P126-S00-1109 NT P126-S00-1109 265.7
P126-S00-1110 NT P126-S00-1110 1894 | P126-S00-1110 NT P126-S00-1110 170.2
P126-S00-1111 NT P126-S00-1111 1844 | P126-S00-1111 22.73 P126-S00-1111 169.9
P126-S00-1113 NT P126-S00-1113 151 P126-S00-1113 NT P126-S00-1113 112.1
P126-S00-1114 NT P126-S00-1114 171.2 | P126-S00-1114 NT P126-S00-1114 136.9
P126-S00-1115 NT P126-S00-1115 45.47 | P126-S00-1115 *NT P126-S00-1115 29.95
P126-S00-1116 NT P126-S00-1116 404 P126-S00-1116 NT P126-S00-1116 295.9
P126-S00-1118 NT P126-S00-1118 226.5 | P126-S00-1118 NT P126-S00-1118 214.5
P126-S00-1119 NT P126-S00-1119 177 P126-S00-1119 NT P126-S00-1119 100.3
P126-S00-1120 NT P126-S00-1120 199.7 | P126-S00-1120 NT P126-S00-1120 154.8
P126-S00-1126 NT P126-S00-1126 99.35 | P126-S00-1126 *NT P126-S00-1126 83.14
P126-S00-1130 NT P126-S00-1130 403.5 | P126-S00-1130 NT P126-S00-1130 229.6
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P126-S00-1134 NT P126-S00-1134 293.2 | P126-S00-1134 NT P126-S00-1134 216.4
P126-S00-1135 NT P126-S00-1135 269.1 P126-S00-1135 37.57 P126-S00-1135 208.2
P126-S00-1136 NT P126-S00-1136 77.96 | P126-S00-1136 *NT P126-S00-1136 73.21
P126-S00-1137 NT P126-S00-1137 339.2 | P126-S00-1137 *NT P126-S00-1137 230.1
P126-S00-1142 25.07 P126-S00-1142 444.6 | P126-S00-1142 32.53 P126-S00-1142 381.3
P126-S00-1143 NT P126-S00-1143 144.9 | P126-S00-1143 NT P126-S00-1143 118.7
P126-S00-1146 NT P126-S00-1146 42.78 | P126-S00-1146 *NT P126-S00-1146 4547
P126-S00-1149 NT P126-S00-1149 96.44 | P126-S00-1149 NT P126-S00-1149 86.93
P126-S00-1150 NT P126-S00-1150 285.4 | P126-S00-1150 NT P126-S00-1150 167.2
P126-S00-1152 NT P126-S00-1152 168.1 P126-S00-1152 *NT P126-S00-1152 164.1
P126-S00-1153 *NT P126-S00-1153 319.6 | P126-S00-1153 NT P126-S00-1153 277.4
P126-S00-1154 it P126-S00-1154 502.3 | P126-S00-1154 NT P126-S00-1154 401.3
P126-S00-1155 NT P126-S00-1155 131.6 | P126-S00-1155 NT P126-S00-1155 113.9
P126-S00-1156 NT P126-S00-1156 133.5 | P126-S00-1156 NT P126-S00-1156 118.4
P126-S00-1157 NT P126-S00-1157 247.6 | P126-S00-1157 NT P126-S00-1157 213.2
P126-S00-1160 NT P126-S00-1160 64.3 P126-S00-1160 NT P126-S00-1160 63.22
P126-S00-1161 NT P126-S00-1161 112.9 | P126-S00-1161 * %k P126-S00-1161 106.6
P126-S00-1162 NT P126-S00-1162 189.4 | P126-S00-1162 NT P126-S00-1162 189.4
P126-S00-1163 NT P126-S00-1163 133.7 | P126-S00-1163 1.14E+14 P126-S00-1163 108.2
P126-S00-1165 NT P126-S00-1165 59.11 P126-S00-1165 NT P126-S00-1165 44.37
P126-S00-1168 1402 P126-S00-1168 302 P126-S00-1168 NT P126-S00-1168 226.8
P126-S00-1169 NT P126-S00-1169 224 P126-S00-1169 1568 P126-S00-1169 30.91
P126-S00-1170 308.4 P126-S00-1170 276.9 | P126-S00-1170 NT P126-S00-1170 258.1
P126-S00-1172 NT P126-S00-1172 71.7 P126-S00-1172 NT P126-S00-1172 44.32
P126-S00-1173 NT P126-S00-1173 276.5 | P126-S00-1173 NT P126-S00-1173 293
P126-S00-1175 282.9 P126-S00-1175 98.13 | P126-S00-1175 NT P126-S00-1175 62.5
P126-S00-1177 1169 P126-S00-1177 31.09 | P126-S00-1177 NT P126-S00-1177 32.05
P126-S00-1178 NT P126-S00-1178 1194 | P126-S00-1178 1697 P126-S00-1178 82.33
P126-S00-1179 NT P126-S00-1179 239.9 | P126-S00-1179 NT P126-S00-1179 203.1
P126-S00-1180 NT P126-S00-1180 229.2 | P126-S00-1180 NT P126-S00-1180 160.9

NT- Not determined; defined in GraphPad as ambiguous and unable to find a unique fit
to the data; most likely due to pre-vaccination samples have low to no antibody response.
*NT- interrupted most likely due to the data not having enough information for the model
to fit.

Abbreviations: ECso: Half-maximal effective concentration; WT/Delta sVNT: Wild
Type/Delta —surrogate virus neutraliztion test; NT: Not Determined; *NT: Interupted;
*#%: Not converged.
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S4. Calculated ECso values for WT/Delta-sVNT pre and post-vaccination samples

WT ECso Delta ECso

Pre-Vaccination ECs Post-Vaccination | ECs, | Pre-Vaccination ECs Post-Vaccination | EC;
P126-S00-1005 NT P126-S00-1005 190.8 | P126-S00-1005 NT P126-S00-1005 129.5
P126-S00-1007 NT P126-S00-1007 102.7 | P126-S00-1007 4.569 P126-S00-1007 824
P126-S00-1008 NT P126-S00-1008 26.72 P126-S00-1008 NT P126-S00-1008 30.78
P126-S00-1009 NT P126-S00-1009 133.8 | P126-S00-1009 NT P126-S00-1009 107.2
P126-S00-1011 68.3 P126-S00-1011 126.3 P126-S00-1011 NT P126-S00-1011 65.51
P126-S00-1012 NT P126-S00-1012 56.33 P126-S00-1012 NT P126-S00-1012 45.28
P126-S00-1013 NT P126-S00-1013 21.84 | P126-S00-1013 NT P126-S00-1013 22.38
P126-S00-1014 NT P126-S00-1014 42.32 P126-S00-1014 NT P126-S00-1014 33.92
P126-S00-1015 NT P126-S00-1015 37.99 | P126-S00-1015 NT P126-S00-1015 23.37
P126-S00-1017 NT P126-S00-1017 103.9 | P126-S00-1017 NT P126-S00-1017 87.58
P126-S00-1018 NT P126-S00-1018 140 P126-S00-1018 NT P126-S00-1018 94
P126-S00-1020 NT P126-S00-1020 24.29 | P126-S00-1020 NT P126-S00-1020 17.72
P126-S00-1021 NT P126-S00-1021 235.9 | P126-S00-1021 NT P126-S00-1021 130.8
P126-S00-1022 NT P126-S00-1022 72.69 | P126-S00-1022 NT P126-S00-1022 46.7
P126-S00-1023 NT P126-S00-1023 51.53 P126-S00-1023 NT P126-S00-1023 42.39
P126-S00-1024 NT P126-S00-1024 84.94 | P126-S00-1024 NT P126-S00-1024 67.03
P126-S00-1026 *NT P126-S00-1026 46.74 | P126-S00-1026 19.37 P126-S00-1026 29.08
P126-S00-1027 55.92 P126-S00-1027 21.01 P126-S00-1027 NT P126-S00-1027 17.16
P126-S00-1029 NT P126-S00-1029 100.3 P126-S00-1029 NT P126-S00-1029 53.03
P126-S00-1031 NT P126-S00-1031 32.25 | P126-S00-1031 NT P126-S00-1031 35.67
P126-S00-1032 39.92 P126-S00-1032 27.55 | P126-S00-1032 NT P126-S00-1032 18.91
P126-S00-1033 3.127 P126-S00-1033 41.75 | P126-S00-1033 7.087 P126-S00-1033 NT
P126-S00-1037 NT P126-S00-1037 72.32 P126-S00-1037 NT P126-S00-1037 54.56
P126-S00-1038 NT P126-S00-1038 97.4 P126-S00-1038 NT P126-S00-1038 65.22
P126-S00-1040 NT P126-S00-1040 35.97 | P126-S00-1040 NT P126-S00-1040 23.99
P126-S00-1041 NT P126-S00-1041 76.79 | P126-S00-1041 NT P126-S00-1041 5177
P126-S00-1042 NT P126-S00-1042 48.18 | P126-S00-1042 NT P126-S00-1042 40.81
P126-S00-1043 46.66 P126-S00-1043 104.1 P126-S00-1043 38.82 P126-S00-1043 6435
P126-S00-1044 NT P126-S00-1044 12.12 P126-S00-1044 23.79 P126-S00-1044 20.53
P126-S00-1045 NT P126-S00-1045 31.72 P126-S00-1045 NT P126-S00-1045 35.85
P126-S00-1048 NT P126-S00-1048 46.07 | P126-S00-1048 NT P126-S00-1048 31.74
P126-S00-1049 NT P126-S00-1049 56.03 P126-S00-1049 NT P126-S00-1049 21.96
P126-S00-1050 NT P126-S00-1050 3.121 P126-S00-1050 NT P126-S00-1050 7835
P126-S00-1054 NT P126-S00-1054 99.83 P126-S00-1054 11.13 P126-S00-1054 61.62
P126-S00-1055 NT P126-S00-1055 128 P126-S00-1055 1.943 P126-S00-1055 17.6
P126-S00-1056 NT P126-S00-1056 31.23 P126-S00-1056 | 8.022E- P126-S00-1056
P126-S00-1057 NT P126-S00-1057 50.03 P126-S00-1057 18"9[‘ P126-S00-1057 ijzz
P126-S00-1058 *NT P126-S00-1058 46.15 | P126-S00-1058 7014 P126-S00-1058 302
P126-S00-1060 *NT P126-S00-1060 37.66 | P126-S00-1060 NT P126-S00-1060 44.84
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P126-S00-1064 NT P126-S00-1064 18.96 P126-S00-1064 NT P126-S00-1064 1171
P126-S00-1065 NT P126-S00-1065 160.5 P126-S00-1065 | *NT P126-S00-1065 95.93
P126-S00-1066 NT P126-S00-1066 49.15 P126-S00-1066 14.6 P126-S00-1066 3021
P126-S00-1068 NT P126-S00-1068 249.1 P126-S00-1068 NT P126-S00-1068 207.4
P126-S00-1069 NT P126-S00-1069 22.75 P126-S00-1069 NT P126-S00-1069 223
P126-S00-1071 *NT P126-S00-1071 142.9 P126-S00-1071 2.056 P126-S00-1071 132.9
P126-S00-1073 NT P126-S00-1073 65.54 P126-S00-1073 NT P126-S00-1073 66.03
P126-S00-1074 *NT P126-S00-1074 136.1 P126-S00-1074 NT P126-S00-1074 7721
P126-S00-1076 NT P126-S00-1076 54.03 P126-S00-1076 NT P126-S00-1076 41.96
P126-S00-1078 NT P126-S00-1078 39.51 P126-S00-1078 NT P126-S00-1078 2434
P126-S00-1079 NT P126-S00-1079 38.89 P126-S00-1079 NT P126-S00-1079 33.06
P126-S00-1082 NT P126-S00-1082 66.68 P126-S00-1082 12.61 P126-S00-1082 49.4
P126-S00-1084 *NT P126-S00-1084 105.4 P126-S00-1084 NT P126-S00-1084 52.02
P126-S00-1085 NT P126-S00-1085 53.09 P126-S00-1085 NT P126-S00-1085 3728
P126-S00-1087 NT P126-S00-1087 148.7 P126-S00-1087 NT P126-S00-1087 89.46
P126-S00-1091 NT P126-S00-1091 176.5 P126-S00-1091 NT P126-S00-1091 1288
P126-S00-1095 NT P126-S00-1095 267.1 P126-S00-1095 NT P126-S00-1095 256.6
P126-S00-1101 *NT P126-S00-1101 108.2 P126-S00-1101 5.745 P126-S00-1101 7331
P126-S00-1103 *NT P126-S00-1103 49.58 P126-S00-1103 NT P126-S00-1103 38.34
P126-S00-1105 NT P126-S00-1105 57.72 P126-S00-1105 NT P126-S00-1105 51.19
P126-S00-1106 NT P126-S00-1106 62.13 P126-S00-1106 60.93 P126-S00-1106 4931
P126-S00-1107 NT P126-S00-1107 45.56 P126-S00-1107 ek P126-S00-1107 342
P126-S00-1109 NT P126-S00-1109 139.3 P126-S00-1109 NT P126-S00-1109 931
P126-S00-1110 NT P126-S00-1110 70.3 P126-S00-1110 NT P126-S00-1110 62.74
P126-S00-1111 NT P126-S00-1111 64.7 P126-S00-1111 4.688 P126-S00-1111 49.24
P126-S00-1113 NT P126-S00-1113 52.46 P126-S00-1113 NT P126-S00-1113 38.34
P126-S00-1114 NT P126-S00-1114 69.52 P126-S00-1114 NT P126-S00-1114 44.28
P126-S00-1115 NT P126-S00-1115 11.34 P126-S00-1115 *NT P126-S00-1115 7546
P126-S00-1116 NT P126-S00-1116 119.3 P126-S00-1116 NT P126-S00-1116 1017
P126-S00-1118 NT P126-S00-1118 67.05 P126-S00-1118 NT P126-S00-1118 61.63
P126-S00-1119 NT P126-S00-1119 55.71 P126-S00-1119 NT P126-S00-1119 39.9
P126-S00-1120 NT P126-S00-1120 75.21 P126-S00-1120 NT P126-S00-1120 55.24
P126-S00-1126 NT P126-S00-1126 36.99 P126-S00-1126 *NT P126-S00-1126 24.87
P126-S00-1130 NT P126-S00-1130 178.8 P126-S00-1130 479.1 P126-S00-1130 90.9
P126-S00-1134 NT P126-S00-1134 92.67 P126-S00-1134 NT P126-S00-1134 68.26
P126-S00-1135 NT P126-S00-1135 97.23 P126-S00-1135 24.59 P126-S00-1135 73.44
P126-S00-1136 NT P126-S00-1136 20.42 P126-S00-1136 *NT P126-S00-1136 22.41
P126-S00-1137 NT P126-S00-1137 124.4 P126-S00-1137 *NT P126-S00-1137 8037
P126-S00-1142 15.38 P126-S00-1142 157.2 P126-S00-1142 5.537 P126-S00-1142 146.7
P126-S00-1143 NT P126-S00-1143 58.36 P126-S00-1143 NT P126-S00-1143 38.06
P126-S00-1146 NT P126-S00-1146 14.59 P126-S00-1146 *NT P126-S00-1146 12.65
P126-S00-1149 NT P126-S00-1149 24.73 P126-S00-1149 NT P126-S00-1149 2621
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P126-S00-1150 NT P126-S00-1150 112.6 P126-S00-1150 NT P126-S00-1150 54.05
P126-S00-1152 NT P126-S00-1152 67.09 P126-S00-1152 *NT P126-S00-1152 5434
P126-S00-1153 *NT P126-S00-1153 103.5 P126-S00-1153 NT P126-S00-1153 1047
P126-S00-1154 NT P126-S00-1154 197.4 P126-S00-1154 NT P126-S00-1154 157

P126-S00-1155 NT P126-S00-1155 48.82 P126-S00-1155 NT P126-S00-1155 34.89
P126-S00-1156 NT P126-S00-1156 48.2 P126-S00-1156 NT P126-S00-1156 40.68
P126-S00-1157 NT P126-S00-1157 89.72 P126-S00-1157 NT P126-S00-1157 80.44
P126-S00-1160 NT P126-S00-1160 15.61 P126-S00-1160 NT P126-S00-1160 20.62
P126-S00-1161 *NT P126-S00-1161 34.81 P126-S00-1161 NT P126-S00-1161 27.77
P126-S00-1162 NT P126-S00-1162 75.07 P126-S00-1162 8.83 P126-S00-1162 40.79
P126-S00-1163 NT P126-S00-1163 43.34 P126-S00-1163 NT P126-S00-1163 38.09
P126-S00-1165 NT P126-S00-1165 17.98 P126-S00-1165 NT P126-S00-1165 17.53
P126-S00-1168 935.8 P126-S00-1168 101.7 P126-S00-1168 NT P126-S00-1168 83.34
P126-S00-1169 NT P126-S00-1169 6.273 P126-S00-1169 NT P126-S00-1169 12.88
P126-S00-1170 355.5 P126-S00-1170 104.3 P126-S00-1170 NT P126-S00-1170 1027
P126-S00-1172 NT P126-S00-1172 26.42 P126-S00-1172 NT P126-S00-1172 15.02
P126-S00-1173 NT P126-S00-1173 78.67 P126-S00-1173 NT P126-S00-1173 91.48
P126-S00-1175 8.603 P126-S00-1175 33.02 P126-S00-1175 NT P126-S00-1175 243

P126-S00-1177 500 P126-S00-1177 7.575 P126-S00-1177 NT P126-S00-1177 1027
P126-S00-1178 NT P126-S00-1178 39.54 P126-S00-1178 899.3 P126-S00-1178 3231
P126-S00-1179 NT P126-S00-1179 92.45 P126-S00-1179 NT P126-S00-1179 85.1

P126-S00-1180 NT P126-S00-1180 75.75 P126-S00-1180 NT P126-S00-1180 58.36

NT- Not determined; defined in GraphPad as ambiguous and unable to find a unique fit
to the data; most likely due to pre-vaccination samples have low to no antibody response.
*NT- interrupted most likely due to the data not having enough information for the model

to fit.

Abbreviations: ECso: 80% of maximal effective concentration; WT/Delta sVNT: Wild
Type/Delta —surrogate virus neutraliztion test; NT: Not Determined; *NT: Interupted;

*#%: Not converged.

SS. Calculated ECso values for WT-MN and WT/Delta PNA post-vaccination

samples
Sample ID MNECs0 WT | PNAECs0o WT | PNA ECso Delta
P126-S00-1005 320
P126-S00-1007 320
P126-S00-1008 160
P126-S00-1009 1280 1166 407
P126-S00-1011 320
P126-S00-1012 160 1341 1462
P126-S00-1013 20 235 120
P126-S00-1014 160
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P126-S00-1015 80

P126-S00-1017 320

P126-S00-1018 320 1547 1917
P126-S00-1020 40

P126-S00-1021 320 1561 502
P126-S00-1022 320

P126-S00-1023 160

P126-S00-1024 160

P126-S00-1026 160 389 122
P126-S00-1027 40 299 114
P126-S00-1029 80 1055 569
P126-S00-1031 80 636 694
P126-S00-1032 40 246 314
P126-S00-1033 320

P126-S00-1037 160 673 325
P126-S00-1038 160 825 385
P126-S00-1039 531 345
P126-S00-1040 160

P126-S00-1041 320

P126-S00-1042 160

P126-S00-1043 80 903 363
P126-S00-1044 40

P126-S00-1045 80

P126-S00-1048 160 725 283
P126-S00-1049 40

P126-S00-1050 40

P126-S00-1054 160

P126-S00-1055 640

P126-S00-1056 80

P126-S00-1057 1280

P126-S00-1058 160

P126-S00-1060 40 347 135
P126-S00-1064 80 360 119
P126-S00-1065 640

P126-S00-1066 320

P126-S00-1068 640

P126-S00-1069 160

P126-S00-1071 640

P126-S00-1073 160

P126-S00-1074 320 1034 492
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P126-S00-1076 160 787 461
P126-S00-1078 80 527 282
P126-S00-1079 160 324 200
P126-S00-1082 160 695 314
P126-S00-1084 160
P126-S00-1085 40
P126-S00-1087 320
P126-S00-1091 320
P126-S00-1095 1280
P126-S00-1101 160
P126-S00-1103 80 478 216
P126-S00-1105 160
P126-S00-1106 160
P126-S00-1107 160
P126-S00-1109 640
P126-S00-1110 640
P126-S00-1111 160
P126-S00-1113 320 406 257
P126-S00-1114 160
P126-S00-1115 40
P126-S00-1116 320
P126-S00-1118 160
P126-S00-1119 80
P126-S00-1120 160
P126-S00-1126 40 474 723
P126-S00-1130 160
P126-S00-1134 160 593 222
P126-S00-1135 160
P126-S00-1136 80
P126-S00-1137 320 3284 729
P126-S00-1142 320
P126-S00-1143 160 369 148
P126-S00-1146 40
P126-S00-1149 80
P126-S00-1150 160 756 447
P126-S00-1152 160
P126-S00-1153 320 942 223
P126-S00-1154 640 1400 800
P126-S00-1155 160 386 226
P126-S00-1156 80 367 230
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P126-S00-1157 320
P126-S00-1160 40 156 62
P126-S00-1161 80
P126-S00-1162 320
P126-S00-1163 160
P126-S00-1165 80
P126-S00-1166 610 402
P126-S00-1168 320
P126-S00-1169 20
P126-S00-1170 160
P126-S00-1172 160 239 55
P126-S00-1173 160 558 395
P126-S00-1175 320
P126-S00-1177 80
P126-S00-1178 160
P126-S00-1179 80
P126-S00-1180 610 468 164

Abbreviations: ECso: Half-maximal effective concentration; WT-MN: Wild Type —
micronuetralization assay; WT/Delta PNA: Wild Type/Delta —pseudovirus neutraliztion
assay.
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