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Abstract (330 words)

Background The ability to quantify an immune response after vaccination against severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is essential. This study assessed
the clinical utility of the quantitative Roche Elecsys® Anti-SARS-CoV-2 S assay (ACOV2S)
using samples from the 2019-nCoV vaccine (MRNA-1273) phase 1 trial (NCT04283461).
Methods Samples from 30 healthy participants, aged 18-55 years, who received two
injections with mRNA-1273 at a dose of 25 pg (n=15) or 100 ug (n=15), were collected at
Days 1 (first vaccination), 15, 29 (second vaccination), 43 and 57. ACOV2S results (shown
in U/mL — equivalent to BAU/mL per the first WHO international standard) were compared
with results from ELISAs specific to antibodies against the Spike protein (S-2P) and the
receptor binding domain (RBD) as well as neutralization tests including nanoluciferase
(NLUCgy), live-virus (PRNTg), and a pseudovirus neutralizing antibody assay (PsVNAs).
Results RBD-specific antibodies were already detectable by ACOV2S at the first time point
of assessment (d15 after first vaccination), with seroconversion before in all but 2
participants (25 pg dose group); all had seroconverted by Day 29. Across all post-baseline
visits, geometric mean concentration of antibody levels were 3.27—7.48-fold higher in the
100 pg compared with the 25 pg dose group. ACOV2S measurements were highly
correlated with those from RBD ELISA (Pearson’s r=0.938; p<0.0001) and S-2P ELISA
(r=0.918; p<0.0001). For both ELISAs, heterogeneous baseline results and smaller
increases in antibody levels following the second vs first vaccination compared with
ACOV2S were observed. ACOV2S showed absence of any baseline noise indicating high
specificity detecting vaccine-induced antibody response. Moderate—strong correlations were
observed between ACOV2S and neutralization tests (nLUCgo r=0.933; PsVNAsq, r=0.771;
PRNTg, r=0.672; all p<0.0001).

Conclusion The Elecsys Anti-SARS-CoV-2 S assay (ACOV2S) can be regarded as a
highly valuable method to assess and quantify the presence of RBD-directed antibodies

against SARS-CoV-2 following vaccination, and may indicate the presence of neutralizing
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antibodies. As a fully automated and standardized method, ACOV2S could qualify as the
method of choice for consistent quantification of vaccine-induced humoral response.

Key words: SARS-CoV-2; COVID-19; quantitative serology; vaccination; ELISA;
neutralization assay
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Introduction

First recognized in Wuhan, China in late 2019, the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) has since spread rapidly and infected millions of people
globally.(1) The prompt development and approval of vaccines against the virus has been
crucial. With over 100 vaccine candidates currently in clinical development,(2) there is a high
need for sensitive and specific assays that can reliably quantify immune responses following
vaccination.(3)

SARS-CoV-2 is an enveloped positive-sense single-stranded RNA virus containing four
structural proteins: spike (S), envelope, membrane, and nucleocapsid (N) protein. The S
glycoprotein is proteolytically cleaved into two subunits: S1 containing the host receptor
binding domain (RBD) which facilitates entry to host cell through binding to membrane
bound angiotensin-converting enzyme 2 (ACE 2), and S2, a membrane-proximal domain.(4)
Seroconversion often starts 5—7 days after symptom onset and the antibodies,
immunoglobulin M (IgM), IgG and IgA, can be observed after approximately two weeks.(3, 5,
6) While antibody response can be directed against all viral proteins, S and N are considered
the main targets of humoral response.(6, 7) Based on the potential for antibodies targeting
the spike antigen to inhibit viral entry into the target cells, the majority of vaccine candidates
have been designed to induce humoral immune responses against the S antigen.(8)
Neutralizing antibodies are important contributors to protective immunity.(3) In vitro
neutralization testing is a widely applied test to assess the presence of neutralizing
antibodies and to titrate them to limiting dilution. A variety of neutralization tests are
available, including direct neutralization, which requires biosafety level 3 handling, and
pseudotyped-virus assays.(9-11) In convalescent plasma, Ig antibodies towards the SARS-
CoV-2 S protein, in particular when directed against the RBD, have been shown to correlate
with virus neutralizing titers, suggesting that immunoglobulin levels may predict levels of

neutralization.(12, 13) Thus, the potential use of antibody concentrations, quantified by
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commercially-available immunoassays, as a surrogate for neutralizing titers is currently
being explored.(14-16)

The automated, high throughput Roche Elecsys® Anti-SARS-CoV-2 S assay (hereby
referred to as ACOV2S) detects and quantifies antibodies against the RBD of the S protein.
A previous study showed that the presence of antibodies detected with ACOV2S correlated
with the presence of neutralizing antibodies, as detected with direct virus neutralization and
surrogate neutralization tests among individuals with minor or no symptoms.(17) In order to
generate further supporting evidence for the clinical utility of ACOV2S , we studied the
antibody concentration, as measured by ACOV2S, over time in a phase 1 trial of the widely
approved, highly effective mRNA-based 2019-nCoV vaccine (MNRNA-1273; Moderna,
Cambridge, MA) which encodes the stabilized prefusion S trimer, S-2P.(18) We also
performed an exploratory analysis comparing ACOV2S results with those from enzyme-
linked immunosorbent assays (ELISA) and neutralization tests, based on data from the

phase 1 trial.

Methods

Study design and participants

We used stored samples from participants enrolled in the phase 1 trial of MRNA-1273
(NCT04283461); full methodological details have previously been described.(18) In this
retrospective exploratory analysis, samples from healthy participants aged 18-55 years who
received two injections of trial vaccine 28 days apart at a dose of 25 pg or 100 pg were
included for assessment. All participants received their first vaccination between March 16
and April 14, 2020.

Blood samples were collected as previously described.(18) Samples collected at baseline
(Day 1, first vaccination), and Days 15, 29 (second vaccination), 43 and 57, were analyzed
and serum testing was performed at PPD central laboratory (Highland Heights, KY, USA).
Informed written consent was originally obtained from all study participants in the context of

the associated vaccine phase | study and the study was conducted in accordance with the
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principles of the Declaration of Helsinki and Good Clinical Practice Guidelines. Approval was
granted by the Advarra institutional review board for the phase 1 trial (18) and the diagnostic
protocol under which the existing samples were tested.

For comparison of antibody responses induced by vaccination to antibody response to
natural SARS-CoV-2 infection, anonymized cross-sectional samples from individuals with
polymerase chain reaction (PCR)-confirmed SARS-CoV-2 infection were taken 0-15 days
and 16-35 days post-PCR diagnosis and analyzed for presence of SARS-CoV-2 specific
antibodies using ACOV2S. These samples were derived from individuals with mild course of
disease that underwent quarantine at home or from individuals with more severe course of
disease that required hospitalization. All samples were collected between March and July

2020 in Switzerland, Germany, and Ukraine.

Laboratory assays

Elecsys Anti-SARS-CoV-2-S immunoassay (ACOV2S)

The ACOV?2S results were measured on a cobas e 602 module (Roche, Mannheim,
Germany). All samples were processed according to the manufacturer’s instructions.
Measurement results are shown in U/mL, with the cut-off point defined as 0.80 U/mL to
differentiate samples as reactive (= 0.80 U/mL) and non-reactive (< 0.80 U/mL) for SARS-
CoV-2 RBD-specific antibodies. Values between 0.40-250 U/mL represent the linear range.
Results below this range were set to 0.4 U/mL and qualified non-reactive. Samples above
250 U/mL were automatically diluted into the linear range of the assay (realized dilutions in
this study: 1:10 or 1:100) with Diluent Universal (Roche Diagnostics, Rotkreuz, Switzerland).
The analyzer automatically multiplies diluted results with the dilution factor, which in the
applied setting enabled an upper limit of quantification of 25000 U/mL for these analyses.

Traceability of results to international BAU/mL

Of note, the assigned U/mL are equivalent to Binding Antibody Units (BAU)/mL as defined

by the first World Health Organization (WHO) International Standard for anti-SARS-CoV-2
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immunoglobulin (NIBSC code 20/136). No conversion of units is required and reported
results in U/mL can be directly compared to other studies or results in BAU/mL.

Serologic monitoring for breakthrough infections

In addition to the quantification of RBD-specific antibody titers induced by mRNA-1273
vaccination, all samples were also assessed on the same cobas e 602 module with the
previously described Elecsys Anti-SARS-CoV-2 immunoassay detecting antibodies to the N
protein.(19) As natural infection with SARS-CoV-2 and not vaccination with mRNA-1273 can
trigger a positive result in the context of the mRNA-1273 vaccine, this assay was used to
determine whether participants were naive for prior COVID-19 infection or acquired a
putative breakthrough infection despite vaccination throughout the period of investigation.

Comparator assays

Further assay results were generated under the phase 1 study protocol (18) and the results
were transferred to Roche for analysis.

Serum antibody levels against SARS-CoV-2 were measured by ELISA specific to the S
protein (stabilized containing 2 Proline mutations and thus referred to as S-2P protein
(hereby referred to as S-2P ELISA) and the isolated RBD of the viral S protein (hereby
referred to as RBD ELISA). ELISA assay results were expressed as reciprocal endpoint
dilution titer. Notably, no reactivity cut-offs or lower limit of quantification were defined and no
standardization was applied for either ELISA.

Results from assays that target neutralizing antibodies, providing an estimate of vaccine-
induced, antibody-mediated neutralizing activity, were also assessed. These included: 1) a
nanoluciferase assay (nLUC) with titers reported as the dilution required to achieve 80%
neutralization (80% inhibitory dilution; hereby referred to as nLUCg); 2) a live wild-type
SARS-CoV-2 plague reduction neutralization assay (PRNT) with titers expressed as
reciprocal of dilution needed for 80% reduction in virus infectivity (hereby referred to as
PRNTg); and 3) a pseudovirus neutralizing antibody assay (PsVNA) with titers reported as
dilution required for 50% neutralization (50% inhibitory dilution; hereby referred to as

PsVNAsq, respectively). Because of the labor-intense nature of the nLUCg, and PRNTgg
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assays involving several manual handling steps and cell culture,(18) results were available
only for the time points, Day 1, Day 29 (nLUCg only) and Day 43.

Further details of the comparator assay methods have been published.(18, 20)

In case no significant inhibition of infection was observed (i.e. < 50% or <80% neutralization)
even with the highest sample concentration (i.e. the starting dilution titer), the numerical
result of the assay was set to the starting dilution titer and the assay result was interpreted
as negative for neutralizing activity in all qualitative concordance analyses. Samples showing
significant inhibition (i.e. = 50% or =80% neutralization) at any of the applied concentrations

were interpreted as positive for neutralizing activity in all qualitative concordance analyses.
Statistical analysis

For each trial population and dosage group, ACOV2S-measured anti-RBD antibody levels
are shown as boxplots (log-scale) for every measurement time point, with values outside the
measuring range censored. Comparison of ACOV2S-measured antibody levels per dose
group and time point were conducted using reverse cumulative distribution curves. For
ACOV2S, geometric mean concentrations (GMCs) and, for ELISA, geometric mean titers
(GMTs) were calculated for each time point and stratified by dose group, and 95%
confidence intervals (ClIs) were calculated by Student’s t distribution on log-transformed data
and subsequent back-transformation to original scale.

For the assessment of seroconversion, as measured by ACOV2S, the percentage of
subjects who crossed the reactivity cut-off at 0.8 U/mL at or before a given time point was
evaluated. A seropositive status was carried forward to later time points.

Pairwise method comparison across all available data points using Passing-Bablok (log-
scale) regression analyses (21) with 95% bootstrap Cls were provided for all comparator
assays, excluding values outside the measuring range, and Pearson’s correlation
coefficients (r) with 95% Cls were calculated.

Qualitative agreement between ACOV2S and neutralization assays was analyzed by

positive percentage agreement (PPA), negative percentage agreement (NPA), and overall
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percentage agreement (OPA), positive and negative predictive value (PPV and NPV) with
exact 95% binomial Cls and the positive and negative likelihood ratio with 95% Cls
calculated (per Simel et al. approximation (22)). The software R, version 3.4.0, was used for

statistical analysis and visualization.(23)

Results

The analyses included longitudinal sample panels from in total 30 mMRNA-1273-vaccinated
participants. Of those, 15 participants had received 25 pg dose and the other 15 had
received 100 pg dose (both administered as two injections of the indicated dose with a delay
of 28 days). Demographics and baseline characteristics of participants have been previously
described.(18) In brief, in the 25 pyg and 100 ug dose groups, mean ages (xSD) were 36.7
(£7.9) and 31.3 (+8.7) years, 60% and 47% were males, respectively, and the majority were
of white ethnicity across both cohorts. All participants were naive for natural SARS-CoV-2
infection at study start and throughout the investigated timeframe as determined with the

Elecsys Anti-SARS-CoV-2 (anti-N) assay (Supplementary Figure 1).

Humoral response after vaccination with mRNA-1273 assessed by Elecsys

Anti-SARS-CoV-2 S assay

Anti-RBD antibody levels as measured by ACOV2S, increased over time for both dose
groups (Table 1). All participants were non-reactive in ACOV2S at baseline (< 0.4 U/mL),
confirming the naive antibody status for SARS-CoV-2. RBD-specific antibodies were readily
detectable by ACOV2S at the first sampling time point (Day 15) and determined high
antibody levels indicated that seroconversion had apparently occurred earlier than Day 15
for almost all participants (25 pg: 13/15; 100 ug: 15/15). At Day 29, i.e. day of second
vaccination, the remaining two participants of the 25 ug group had seroconverted and
developed significant antibody concentrations. The determined antibody concentrations

correlated with the applied vaccine dose (Figure 1A), with 3.27-7.48-fold higher GMCs
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observed in the 100 ug group compared with the 25 pg group at all follow up visits (Table 1).
The 100 ug dose group showed a more homogenous anti-RBD response, as reflected by the
smaller geometric standard deviations, indicating reduced inter-individual spread in response
to the vaccine at higher dose. In both groups, antibody levels tended to increase until Day 43
and remained high through Day 57 (Figure 1B). None of the measured antibody levels
exceeded the selected upper limit of quantitation of 25000 U/mL of ACOV2S that resulted
from maximally applied 1:100 dilution in this study.

ACOV2S-measured antibody levels over time in vaccinated samples compared with those in
post-PCR confirmed SARS-CoV-2 infection are shown in Figure 2. Natively-infected
individuals developed a more heterogeneous antibody response to SARS-CoV-2 infection
compared with vaccination, likely due to differences in viral load and the course of disease.
ACOV2S-measured anti-RBD antibody levels after the first vaccination were within the range
developed upon native infection, with levels following the 25 ug dose more aligned with
those induced by mild disease (Figure 2A and 2C) and the 100 ug dose with severe
disease (Figure 2B and 2D). After the second vaccination, it can be construed that
ACOV2S-measured antibody levels exceeded those induced by native SARS-CoV-2

infection by approximately 10-100 fold.
Concordance of ACOV2S with RBD and S-2P ELISA assays

In total, 113 samples were available for comparative analysis with both ELISA assays across
various time points. Measurements by ACOV2S were highly correlated with both RBD ELISA
(r=0.938 [95% CI 0.911-0.957]; p<0.0001; Figure 3A) and S-2P ELISA (r=0.918 [95% CI
0.883-0.943]; p<0.0001; Figure 3B) measurements. Notably, there was distinct
heterogeneity of both ELISA results at baseline in contrast to ACOV2S which showed all
samples as non-reactive.

Antibody levels measured with ACOV2S and the RBD or S-2P ELISA showed similar time
courses following first and second vaccinations (Figure 3C and 3D, respectively). A transient

difference became apparent in the 25 ug dose group in which the S-2P ELISA already
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determined seroconversion for all participants 15 days after first vaccination, whereas
ACOV2S did not detect samples from two donors at this time point. A more continuous
antibody level development over time and dose groups was observed with the ACOV2S. The
obtained results are additionally plotted as GMCs of ACOV2S-measured antibody levels and
GMTs of the ELISA-endpoint dilution titers over time in Figure 3E and 3F, respectively, to
facilitate relative result comparisons. The ELISA methods showed strong signal increase
early after first vaccination followed by a plateau of antibody levels between Day 15 and Day
29, more frequently observed with the S-2P ELISA, and a smaller increase after second
vaccination compared with the ACOV2S. This infers that the ELISA methods detect the
antibody titer development over time in a more stepwise manner compared to a more
continuous antibody titer development as determined with ACOV2S. Also, by making use of
the automated onboard dilution, ACOV2S can resolve very high titers while ELISAs appear
to approach saturation. This is evident by the more prominent geometric fold-rise after the
second vaccination versus the first vaccination for the ACOV2S compared with the ELISA

methods (Supplementary Table 1).
Concordance of ACOV2S with neutralization assays

Figure 4 visualizes concordance of ACOV2S with comparative assays assessing
neutralization. For comparison with nLUCgo, 47 samples had quantifiable results. Numerical
correlation with nLUCgy measurements was very strong (Pearson’s r=0.933 [95% CI 0.882—
0.962]; p<0.0001) and all samples with a positive nLUCgo had a positive ACOV2S
measurement (Figure 4A). At Day 29, there were 8 samples with a positive ACOV2S result
whose nLUCg, result was negative, predominantly occurring in 25 pg dose group. A total of
79 samples across all time points had quantifiable PsVNAs results. Strong correlation was
observed between ACOV2S and PsVNAsq (r=0.771 [0.663—0.848]; p<0.0001) results and all
samples with a positive PSVNAs result had a positive ACOV2S measurement. A proportion
of samples had a negative PsVNAs, result but a positive result with ACOV2S (Figure 4B).

Analysis with 27 available samples obtained two weeks after the second vaccination (Day
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43) showed ACOV?2S levels moderately correlated with PRNTgo results (r=0.672 [0.392—
0.838]; p=0.0001 [Figure 4C]).

Qualitative agreement between ACOV2S and neutralizing test results is presented in
Supplementary Table 2. The PPA and NPV for all neutralization assays was 100%,

highlighting that no samples were negative for ACOV2S while positive for neutralization.

Discussion

Immune responses to SARS-CoV-2 infection and vaccination can significantly vary with each
individual(24-26) and longevity of the humoral immune response to SARS-CoV-2 has
repeatedly been a matter of investigation.(27) Correlation of protection from symptomatic
disease with determined antibody titers is also being explored.(28) Here, reliable correlation
requires evaluation of large cohorts and multi-centric datasets and determination of titers
with a standardized and globally available method. The reported high efficacy of the
MRNA1273 vaccine renders breakthrough infections rare and non-responders unlikely.(18,
29, 30) Together with the rapidly growing number of SARS-CoV-2 vaccines in development,
these aspects further emphasize the need for automated, high-throughput methods to
reliably quantify immune response in a standardized manner to enable large dataset
comparisons, confirm seroconversion in all targeted individuals, independent of pre-existing
conditions or medications,(31) as well as long-term monitoring.

In this exploratory analysis of mMRNA-1273-vaccinated human samples from the phase 1
trial,(18) the quantification of the anti-RBD antibodies through ACOV2S allowed the
monitoring of changes between visits and resolution of differences between dosage groups,
with antibody concentrations increasing in a time- and dose-dependent manner. Primary
vaccination resulted in seroconversion in all participants early after the first injection.
Seroconversion after initial vaccination and overall anti-RBD concentration development
after application of 100 ug per injection was stronger than 25 pg. Antibody levels present two

weeks after second vaccination with mRNA-1273 were seen to exceed those induced by
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natural SARS-CoV-2 infection, both of which provide protection against symptomatic
infection with higher antibody levels expected to be synonymous with longevity.(29, 32, 33)
Results from ACOV2S compared well to those obtained with two ELISA methods, one
targeting antibodies against the S-2P protein of the virus and the other specifically against
the RBD domain (both r>0.9; p<0.0001). However, there was high heterogeneity in ELISA
baseline values, potentially due to less specific signals. The lower end of measuring range is
not defined for either ELISA. Additionally, no validated reactivity cut-off was available, hence
it was not possible to formally assess the qualitative agreement between the ACOV2S and
ELISA methods. A more continuous increase of titer up to peak was observed with the
ACOV2S, while the ELISA measurements seemed to approach a saturation limit. Of note,
the linear range and thus the upper limit of quantitation has not been established for either
ELISA. Despite our findings and previous studies suggesting that S-focused ELISAs may
offer greater sensitivity,(34) antibody responses measured with the RBD ELISA were similar
to the S-2P ELISA, with better signal dynamics illustrated by the more homogenous increase
in GMT. Additionally, the high S-2P ELISA titers detected soon after the first vaccination,
even with the low 25 ug dose, could misleadingly be interpreted as suggestive of strong
immune response from early on, while efficient immunity has been reported to occur only
later after vaccination.(30) In contrast, dynamic increase of antibody levels accompanying
vaccination enable better characterization of the developing immune response than plateau
reactivity. Less variation in baseline titer was also observed with the RBD ELISA, potentially
due to lower cross-reactivity with antibodies to previously endemic and highly abundant
coronavirus strains, which show structural similarities in the S2 subunit.(35) Taking into
consideration that the RBD is poorly conserved among them,(7) antibody-detection assays
specifically targeting antibodies directed against the RBD appear highly suitable for
guantifying the humoral immune response to SARS-CoV-2.

In this study, good correlation was observed with ACOV2S and the established surrogate
neutralization tests, nLUCgy and PsVNAs,. Disagreement was observed only with earlier

samples where some positive, but relatively low ACOV2S results coincided with non-reactive
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neutralizing antibody test results. This was possibly due to insufficient antibody
concentrations to prevent infection in the in vitro setting of a neutralization test, supporting
the clinical finding that single dose vaccination does not convey optimal protection from
infection and that two-step vaccination inducing higher antibody titers is required. With an
apparent more continuous resolution of antibody development, these observations suggest
ACOV2S might allow for more precise timing of reaching putatively protective levels than
methods with rapidly developing plateaus. Although limited to samples from a singular visit
(Day 43), we found ACOV?2S levels also correlated with live-virus neutralization test PRNTgg
titers. For all three neutralization tests, appearance of neutralizing effects was suggested
within two weeks of the second vaccination, further supporting the need for a two-dose
schedule. Also, it has been described manifold that RBD is not necessarily the exclusive, yet
the dominanttarget for antibody-mediated virus neutralization, meaning that RBD-directed
antibodies contribute to virus neutralization. Together with the observed rapid development
of very high anti-RBD titers illustrating the strong immunogenic potential of the mRNA-1273
vaccine especially with the clinically-selected 100 ug dose,(29) these findings render anti-
RBD levels a suitable and convenient surrogate marker for the presence of neutralizing
antibodies during vaccination monitoring, with high levels suggestive of greater protective
immunity.

Live virus neutralization using wild type virus requires handling of live SARS-CoV-2 in a
specialized biosafety level 3 containment facility and is time-consuming, deeming it
unsuitable for large scale use. Neutralization test methods using replication-defective
pseudotyped viral particles have been developed; however, these still require live-cell
culture, considerable manual handling steps and, consequently, inevitable variance in
neutralization results. Although surrogate neutralization assays have been developed and
validated,(10, 36) their applied competitive assay principle goes along with a rather small
dynamic range, which limits resolution of change in high titer vaccination samples. In
addition, challenges of semi-automatable methods and costs remain. Also, neutralization

tests are potentially limited in that they only address static antibody levels at a given time
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point and do not take into account antibody avidity, maturation or the immediate re-
stimulation of the immune memory by a recurring infection in vivo. Poor signal resolution at
the lower end of the measuring range of neutralization tests is also a concern. The ACOV2S
assay has been developed to detect the presence of low levels of RBD-directed antibodies
with a high sensitivity (97.92%; 95% CI: 95.21-99.32) and specificity (99.95%; 95% CI:
99.87-99.99),(37) and a medical decision point at 0.8 U/mL as an indicator of infection or
vaccination, i.e. the lowest quantity of antibody that determines reactivity for SARS-CoV-2
RBD-specific antibodies. The quantitative setup of the assay however allows for definition of
additional medical decision points that might best suit other purposes, like protective levels
of antibody or high titer plasma for therapeutic use.(38) In addition, ACOV2S is standardized
congruently to the first WHO international standard and assigned units can be used
interchangeably to BAU/mL, making it suitable for long-term monitoring and referencing of
results to the international standard.

Altogether, these findings suggest that ACOV2S levels may predict the presence of
neutralizing antibodies,(17) especially at later time points after vaccination, and therefore,
potentially provide a more accessible method for enumerating immune response in
vaccinated individuals. However, ongoing research is required to elucidate if protective anti-
RBD thresholds can be defined that are indicative of, for example, sterile immunity or of
preventing symptomatic infection.

Limitations of our study include the small sample size as well as the lack of variation in time
points available for analysis for some of the neutralization assays. The relatively short follow-
up mitigates analysis of the ability of ACOV2S assay to determine the sustainability of
antibody response. Further comparison studies using longer term follow-up and bigger

samples sizes are warranted.

Conclusion

Assessing the longevity of antibody titers over time together with monitoring for symptomatic

re-infection is essential to determine long-term immune protection and define antibody levels
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as a reliable and conveniently accessible surrogate marker of protection. These data
indicate that the ACOV2S immunoassay can be regarded as a highly valuable, convenient
and widely accessible method to assess and quantify the presence of antibodies directed at
the RBD of SARS-CoV-2, conducive to immune response. ACOV2S sensitively detects and
reliably quantifies the vaccination-induced humoral response over a dynamic range that can
be conveniently scaled by automated onboard dilution. Our results support the potential for
RBD-based immunoassays to replace neutralization tests in the assessment of immune
response after vaccination against SARS-CoV-2. These findings also support the use of
ACOV2S for longitudinal response monitoring of the RBD-specific antibody response to
vaccination and, ultimately, the investigation of an antibody-based correlate of protection

from symptomatic COVID-19.
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Tables

Table 1. ACOV2S summary statistics and GMR, comparing the 100 yg group to the 25

Mg group.
Day 1 Day 15 Day 29 Day43 Day 57

25 pg n=15 n=15 n=15 n=15 n=15
Median 0.400 6.47 79.2 2714 2176
Q1-Q3 0.400-0.400 1.73-30.2 21.0-120 1156-10918 1112-7865
Min—-Max 0.400-0.400 0.400-147 7.49-226 45.4-14492 62.8-11738
GMC 0.400 6.86 55.0 2123 1709
(95% CI) (0.400-0.400) | (2.75-17.1) (30.2-100) (860-5237) (745-3920)
GSD 1.00 5.20 2.96 5.11 4.48

100 pg n=15 n=15 n=15 n=14 n=14
Median 0.400 447 209 8476 6044
Q1-Q3 0.400-0.400 26.9-182 135-238 6407-9237 4637-6998
Min—Max 0.400-0.400 2.08-629 25.9-726 4050-13205 26379827
GMC 0.400 51.3 182 7803 5596
(95% ClI) (0.400-0.400) (23.1-114) (125-264) (6259-9727) | (4538-6901)
GSD 1.00 421 1.97 1.46 1.44

GMR (100 vs 25 pg) 1.00 7.48 3.30 3.68 3.27

(95% Cl) (1.00-1.00) (2.35-23.8) (1.68-6.49) (1.47-9.20) (1.41-7.62)

All values below the lower limit of the measuring range were substituted by this lower limit at 0.4

U/mL. Of note, all ACOV2S levels measured at baseline Day 1 were actually below 0.4 U/mL.

GMC, geometric mean concentrations; GMR, geometric mean ratio; GSD, geometric standard

deviation; Q1, first quartile; Q3, third quartile
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Figures

Figure 1. Time-dependent antibody responses as measured by the ACOV2S. Reverse
cumulative distribution curves allow for comparison of ACOV2S-measured antibody level
distributions between dose groups (Panel A) and visit days (Panel B). Red vertical line

indicates reactivity cut-off (0.8 U/mL).

Figure 2. Time course of ACOV2S-measured antibody levels following mRNA-1273
vaccination and native infection. Antibody levels following vaccination are shown in Panel
A and B; dotted grey vertical lines indicate time of vaccination, administered at Days 1 and
29. Antibody levels in samples post PCR-confirmed SARS-CoV-2 infection are shown in
Panel C and D. Box plots show the individual readouts (black dots) and, 25th, 50th, and

75th percentiles (black box). Red horizontal line indicates reactivity cut-off (0.8 U/mL).

Figure 3. Comparison of ACOV2S and ELISA. Passing—Bablok regression fit (log-scale)
for the comparison with RBD ELISA is shown in Panel A, and with S-2P ELISA in Panel B.
Red dotted line shows ACOV2S reactivity cut-off. The shaded area represents the 95%
confidence interval for the fitted curve. Dots and triangles represent individual samples; filled
dots or triangles represent samples within the measuring range for the ACOV2S assay. Time
courses of antibody responses measured by RBD ELISA and S-2P ELISA compared to
ACOV2S are shown in Panel C and D, respectively. Dotted grey vertical lines show when
vaccination injections were administered at Days 1 and 29. Red horizontal line shows
ACOV2S reactivity cutoff and the black dashed horizontal line represents the lower end of
the ACOV2S measuring range. Box plots show the individual readouts (dots) and, 25th,
50th, and 75th percentiles (box). Time-dependent geometric mean concentrations and
geometric mean titers across vaccine dose groups of ACOV2S levels vs RBD ELISA and S-
2P ELISA are shown in Panel E and F, respectively. Shaded areas indicate 95% confidence

intervals.
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Figure 4. Comparison of ACOV2S and neutralization assays. Passing—Bablok regression
fit (log-scale) of ACOV2S with nLUCg is shown in Panel A, PSVNAsq in Panel B and PRNTgq
in Panel C. Red dotted line shows ACOV2S reactivity cut-off. The shaded area represents
the 95% confidence interval for the fitted curve. Dots or crosses show individual sample
readouts. Filled dots or triangles represent samples within the measuring range for both
ACOV2S and respective comparator assay. Overlaid table shows the qualitative agreement

between Elecsys ACOV2S and comparator assays.
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Figure 3C
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Figure 3D
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Figure 3E
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Figure 3F
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Figure 4A

Visit: ®Day1 ®Day29 @ Day43

Dose Group: A 25 ug O 100 uyg — —1.66+0.71*log(ACOV2S/min[ACOV2S))

log(nLUCg/min[nLUC4])

Pearson’s r (95% CI): 0.933 (0.882-0.962); p<0.0001
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Elecsys ACOV2S assay Elecsys ACOV2S assay
Positive (20.8 U/mL) Negative (<0.8 U/mL)

nLUCs (reference)
Positive 47 0
Negative 8 30
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Figure 4B
Visit: ®Day1 ®Day15 @®@Day29 @ Day43 Day 57
Dose Group: A 25 ug O100 ug — —2.19+0.63*log(ACOV2S/min[ACOV2S])

5] Pearson’s r (95% CI): 0.771 (0.663-0.848); p<0.0001
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Elecsys ACOV2S assay Elecsys ACOV2S assay
Positive (20.8 U/mL) Negative (<0.8 U/mL)
PsVNA, (reference)
Positive 79 0

Negative 33 32
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Figure 4C
Visit: ®Day 1 ® Day 43
Dose Group: A 25 uyg O100 ug — 1.27+0.96*log(ACOV2S/min[ACOV2S))

\Pearson’s r (95% Cl): 0.672 (0.392-0.838); p=0.0001
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Elecsys ACOV2S assay Elecsys ACOV2S assay
Positive (20.8 U/mL) Negative (<0.8 U/mL)
PRNTg, (reference)
Positive 27 0

Negative 0 30
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