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Background

Since the end of 2019, the world has been fighting the
unprecedented global COVID-19 pandemic caused by SARS-
CoV-2.'This pandemic inspired significant efforts for the
development of diagnostic tests, therapeutics and vaccines.?3#
As a result, multiple efficacious COVID-19 vaccines have been
developed and authorized in record speed® and are playing a
critical role to provide protection against SARS-CoV-2 infection
and to eventually put the pandemic under control.>™

There is a critical and urgent need to identify
surrogate markers, e.g., antibody levels or titers,
that correlate with immune protection from
SARS-CoV-2 breakthrough infection or reinfection
to maximize the benefits of COVID-19 vaccines.

With more than 200 million people infected with SARS-CoV-2
and about 4.8 billion vaccine doses administered,™ there is

a critical and urgent need to identify surrogate markers, e.g.,
antibody levels or titers, that correlate with immune protection
from SARS-CoV-2 breakthrough infection or reinfection to
maximize the benefits of COVID-19 vaccines.®™ In regions and
countries where vaccines are in short supply, correlates of
protection may allow prioritizing vaccine administration and

optimizing dosing schedules to achieve broader population
protection.™ For people who received vaccines, correlates of
protection can help to evaluate if individuals have developed
optimal immune responses, especially in high-risk populations
such as elderly individuals and immunocompromised patients,”
or may need additional booster(s). In addition, since immune
responses wane over time, correlates of protection will indicate
who and when people may need to be revaccinated or receive a
booster to maintain immune protection.®

Circulating antibody levels or titers are used to indicate
vaccination orimmune protection in infectious diseases.”

An antibody threshold is used to determine protection with the
hepatitis B vaccine?® and a correlation of hemagglutination-
inhibition (HAI) antibody titer with 50%, 80% or 90% protection
can be established for influenza vaccines.?"?? Serological antibody
levels or titers may serve as a promising biomarker to assess the
immune protection of the COVID-19 vaccine to help maximize the
benefits of these vaccines globally.

Neutralizing antibodies are a key mechanism
of immune protection

Adaptive immunity is a combined outcome of both cellular and
humoral (antibody) immune responses,?® and antibodies serving as
the frontline of protection are the hallmark of the humoral immune
response.?* Neutralizing antibodies are a subset of antibodies
often against the viral surface proteins.?® SARS-CoV-2 infects
human cells using the Spike (S) protein, which consists of S1Tand



S2 subunits.?® The S1 subunit contains a receptor-binding domain
(RBD) that can specifically bind to angiotensin-converting enzyme
2 (ACE2) on host cells and trigger the infection.?¢ Neutralizing
antibodies, particularly long-lasting Immunoglobulin G (IgG), that
inhibit the binding of $1/RBD to ACE2 and block viral infection and
replication represent a key mechanism of immune protection.?+?

Monoclonal antibodies to the S1 protein that exhibit neutralizing
activities have been developed and proved to be effective
therapeutics for COVID-19 patients.?®?” Neutralizing antibodies

to the S protein are the key active ingredients of convalescent
plasma used to treat severe COVID-19 patients.*® Almost all
COVID-19 vaccines target the S protein with the goal to induce
neutralizing antibodies to prevent SARS-CoV-2 infection.' In
addition, several clinical studies showed that neutralizing antibody
levels or titers correlated with immune protection.?” All these
observations suggest that anti-S neutralizing antibodies represent
a key mechanism of vaccine-induced immune protection.

Anti-S neutralizing antibodies represent
a key mechanism of vaccine-induced
immune protection.

Neutralizing antibodies are typically measured by biological
assays mimicking viral infection in cultured cells.3? The plaque
reduction neutralization test (PRNT) is the classical test for
measuring neutralizing antibody titers** and pseudo viral
neutralization tests are also commonly used.** However,
neutralization tests are time-consuming, labor-intensive and not
suitable for scaled-up routine testing in large populations.®34
Studies have shown that some serological tests targeting the
S1 subunit or the RBD of the SARS-CoV-2 S protein exhibited
good correlation with neutralizing titers, and thus may be used
as surrogate tests to assess neutralizing antibody and immune
protection in large patient populations.*®

The suitable serological test to measure antibody
level and evaluate immune protection by vaccines

Since the beginning of the pandemic, hundreds of serological
tests have been developed including more than 80 tests

that received U.S. Food and Drug Administration Emergency

Use Authorization.*® These tests represent different formats
including Lateral Flow Rapid tests, lab-developed enzyme-linked
immunosorbent assay (ELISA) and automated high throughput
chemiluminescent tests.*’ Different tests target different viral
antigens including nucleocapsid (N) protein, S protein, S1subunit
and RBD.*®* The tests also detect different antibody isotypes
including IgM, 1gG, IgA or Total (all isotypes) and report qualitative
or semi-quantitative or quantitative test results.*

It is challenging to compare study results across
a large variety of COVID-19 serological tests, and
standardization of serological tests is critically

needed for the next phase of pandemic control.

Lastly, clinical performance may vary significantly among the
tests regarding clinical sensitivity and specificity.*¢ Therefore, it

is challenging to compare study results across a large variety of
COVID-19 serological tests, and standardization of serological
tests is critically needed for the next phase of pandemic control.*®

To address this challenge, the World Health Organization (WHO)
generated an International Standard for SARS-CoV-2 antibodies.*
The standard material was developed from a pool of convalescent
plasma and can be used for the calibration and harmonization of
serological assays detecting SARS-CoV-2 neutralizing antibodies
or binding antibodies. The availability of an International Standard
for antibodies would facilitate the standardization of SARS-CoV-2
serological methods and allow for comparison and harmonization
of datasets across laboratories, and most importantly, this will
help determine the antibody levels that are needed to assess
vaccine efficacy and therapeutics and improve our understanding
of virus epidemiology.*°

Quantitative assays calibrated to the WHO Inter-
national Standard are critical for the measurement
of antibody levels, allowing for the evaluation of
immune protection of COVID-19 vaccines over
time and data comparison across studies.

Therefore, quantitative assays calibrated to the WHO International
Standard are critical to measure antibody levels and evaluate
immune protection of COVID-19 vaccines over time and data
comparison across studies. In addition, the tests need to
measure the long-lasting IgG antibodies targeting the S protein,
S1 subunit or the RBD that include neutralizing antibodies that
mediate immune protection. The tests need to demonstrate good
correlation with a neutralized assay (preferably a PRNT). The
tests should run on fully automated, high-throughput platforms
to handle a high volume of samples, and must show excellent
clinical sensitivity and specificity.
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Antibody measurement post-vaccination can
provide a multitude of clinical benefits, especially
in immunocompromised individuals

Due to individual variations, completion of a full course of
vaccination does not necessarily mean successful induction of
immune response nor immune protection. Reports have shown
that a small percentage of people did not seroconvert after a full
course of the vaccine*" and immune response was lower in elderly
individuals.*? In immunocompromised patients, such as solid organ
transplant recipients,** autoimmune patients receiving high-dose
corticosteroids, anti-inflammatory biologics or immunomodulatory
treatments, a large portion of these patients either did not

have detectable antibody production after vaccination or with
significantly lower antibody levels.**** Studies showed that for
some of the solid organ recipients, antibodies were not detected
even after a third vaccine booster.*® Management of at-risk
individuals remains a major challenge for the health care system.
Therefore, it would be helpful to assess antibody response related
to vaccination in order to identify individuals who may not produce
antibodies or may not have an “optimal” antibody response to
ensure appropriate behavior for self-protection.

It would be helpful to assess antibody response
related to vaccination in order to identify
individuals who may not produce antibodies.

For the population at large, longitudinal measurement of antibody
levels can monitor the waning of the immune response and thus
determine the need for revaccination or a booster.#’ For individuals
who have an elevated risk of adverse reaction to vaccines, testing
can help to determine the timing of a booster only if it is needed.*®
In addition, for countries/regions where there is a shortage of
vaccines, testing may help to prioritize dispensation of vaccines to
seronegative patients and to optimize dosing schedules to cover
larger populations.™

Establishing antibody level threshold or
correlation with immune protection

Approximately 4.8 billion vaccine doses have been administered
globally, a correlate of protection for SARS-CoV-2 vaccines is
urgently needed, as stated in a recent commentary article in
Nature Medicine.™ Recent studies suggest that antibody could
serve as a marker for correlate of protection for vaccines against
SARS-CoV-2,4%% the optimal goal is to establish a universal

or transferable antibody threshold or correlate for immune
protection with standardized quantitative assays.

The optimal goal is to establish a universal or
transferrable antibody threshold or correlate
for immune protection with standardized
guantitative assays.

The threshold or correlations of protection were often

established via longitudinal follow-up studies in large and diverse
populations.?” Correlation of protection against symptomatic
SARS-CoV-2 infection of the AstraZeneca (AZD1222) vaccine was
reported in a recent study.® In this study, four different assays
(anti-spike and anti-RBD IgG immunoassays and two neutralization
assays) were used to measure antibody levels or neutralizing titers
and different threshold was established for each of these assays
for 80% protection.®® Another study reported immune correlates
of the Moderna (MRNA-1273) vaccine in the efficacy trial.*’ Anti-
Spike IgG and anti-RBD IgG immunoassays and a pseudo viral
neutralization test were used, antibody levels or neutralizing titers
were each inversely correlated with risk of SARS-CoV-2 infection
hazard ratios, and not surprisingly, the antibody levels or titers
mediated vaccine efficacy differ among different assays.*

Because different antibody binding assays or neutralization assays
were used in these studies, and the assays were not standardized,
antibody thresholds or level of correlation with protection were
not transferable to other assays, which largely limited the use of
the identified thresholds or correlates of protection. In an effort to
address the challenge, a study published in Nature Medicine from
May 2021 established a correlation of neutralizing antibody levels
with immune protection from symptomatic COVID-19 patients by
modeling the data from seven vaccine clinical trials. The study
“standardized” the neutralization tests based on convalescent
plasma titers and developed a predictive model forimmune
protection based on neutralization level.*” However, the authors
did point out one of the caveats of the study was aggregation

of data collected from diverse neutralization assays and clinical
trial designs. The author hoped that in the future a standardized
neutralization assay would be developed and utilized, which

will allow direct comparison of neutralization titers and further
refinement of these analyses.*?

The establishment of correlation with immune
protection with a standardized assay is urgently
needed to offer better patient management

and to plan the next steps in the COVID-19
vaccine program.
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Therefore, the establishment of correlates of protection with
standardized assays is urgently needed to offer better patient
management and to plan the next steps in the COVID-19 vaccine
program. As stated in the Nature Medicine article: ".. swift data
sharing and collaboration to establish an absolute correlate

of protection should be the number one priority for vaccine
producers, academic researchers and regulatory agencies.”” It
takes a village to achieve this goal, and this is the most urgent
goal for all of us, the global villagers.

Summary

As of mid-August, over 4.8 billion vaccine doses have been
administered yet supply continues to be a challenge for many
countries, and the number of infected individuals continues to
rise. To help stop the transmission of SARS-CoV-2, there is a
critical and urgent need to identify reliable, scalable surrogate
markers to assess immune protection to SARS-CoV-2 and to
guide clinical actions. Clinical studies with COVID-19 vaccines
have demonstrated a correlation between antibody levels or titers
and immune protection; however, these studies were conducted
using different serological or neutralization tests, and the results,
therefore, cannot be easily compared or transferrable across tests.

To address this, the WHO has developed a standard for
quantitative IgG tests targeting the S1or RBD of SARS-CoV-2
with good correlation to neutralization assays. These tests can
help evaluate an antibody response to vaccination, especially
after vaccination booster administration. Additionally, they

can help give perspective on the correlation of protection to
breakthrough infection post-vaccination. More large population
studies are underway to better understand the correlate of
protection with different vaccines, in different patient populations
and against SARS-CoV-2 variants.

A correlate of protection established by the standardized
serological tests will be a valuable tool in evaluating immune
protection, especially for the immune-compromised patient as
well as other high-risk populations, and to identify the patients
who need additional booster(s). Antibody tests can potentially
help patients with a high risk of adverse reaction to the vaccine
to avoid unnecessary booster(s). In regions with vaccine scarcity,
antibody testing may help prioritize vaccine administration and
optimize dosing strategy. There is little doubt that a correlate of
protection established using the right serological test can help to
maximize the benefits of vaccines at the individual level as well as
in global population scales.

Key takeaways:

= A correlate of protection for COVID-19 vaccines is urgently
needed for patient care as well as for vaccine strategies

= The right tests to establish the correlate of protection
are quantitative IgG assays targeting S/S1/RBD and are
standardized to the WHO International Standard

= High-risk individuals, such as the elderly, or
immunocompromised patients or those who do not have
an optimal immune response to vaccines need to be
identified by antibody testing for additional management
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