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The COVID-19 pandemic has impacted lives across all corners of the globe and we are all eager to go back to
“normal.” But the hard truth is that, short of an effective vaccine being developed, return to normal life will
need to happen in a tiered approach and with careful consideration of potential risks and benefits around
decisions that not long ago were trivial. Key personal decisions will depend on people assessing their risk

of getting sick and/or spreading the virus in the community, and for this reason a lot of attention is being
devoted to antibodies and the serological tests used to detect them.

In this scenario, there are two critical open questions which can influence how large a role serological tests
will play in the upcoming months as the world slowly moves to the next stage of the fight against this
catastrophic pandemic. They are:

1. Do antibodies really provide immunity against COVID-19?
2. Are serological tests available today reliable enough to guide such critical decisions?

In this article, we will explore in detail the potential answers to these questions based on currently
available information.

DO ANTIBODIES REALLY PROVIDE IMMUNITY AGAINST COVID-19?

Most likely yes. While data to fully establish this immunity as a scientifically documented fact has not yet been
made available, and as additional research about this novel virus continues, there are several reasons and
indirect evidence pointing in this direction:

= | ong-term immunity is the most commonly observed response in the vast majority of human viral
infections, including similar coronaviruses which caused previous outbreaks:

- Hepatitis A’ - Mumps’ - Middle Eastern Respiratory
2,3
- Hepatitis B! - Rubella’ syndrome
_ Poliomyelitis’ - Varicella' - Othgr previous coronavirus
respiratory syndromes, such
- Rotavirus' - Zoster! as SARS-CoV4
- Measles’ - HPV (human papilloma virus)' - Ebolas
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= Another coronavirus which caused previous outbreaks of

severe acute respiratory syndrome, SARS-CoV, shares a
considerable amount of its genetic material with SARS-
CoV-2. Antibody testing showed that SARS-CoV immunity
peaks at around four months and offers protection for
roughly two to three years after the initial infection.®’

Early reports during the current COVID-19 pandemic
demonstrated clinical improvement in severe COVID-19
patients who received convalescent plasma, indicating that
the antibodies produced by recovered patients likely had
effective viral neutralization effect.®?

A small initial animal study recently performed as part of
SARS-CoV-2 vaccine development showed that a single dose
of an investigational vaccine protected six rhesus macaques
from pneumonia caused by the virus. The animals received
the investigational vaccine 28 days before being infected
with SARS-CoV-2 and were compared with three control
animals which did not receive the vaccine. The vaccinated
animals showed “no signs of virus replication in the lungs,
significantly lower levels of respiratory disease and no lung
damage compared to control animals.”™ While these results
were generated in an animal model and in a small sample set,
they do indicate that the antibodies generated after vaccine
inoculation did confer protection when the animals were
subsequently exposed to the virus.

Another small animal study infected two monkeys with
SARS-CoV-2, waited until they developed and recovered from
COVID-19 and re-exposed them to the virus 28 days after the
initial infection." The re-exposed monkeys showed a transient
elevation of body temperature, but none of the other signs
and symptoms of COVID-19 as they had exhibited after the
primary infection. The re-exposed monkeys tested negative
for the virus in nasopharyngeal and anal swabs, did not show
lung abnormalities observed by X-ray, and upon a post-
mortem histological exam, did not show histopathological
changes in lung tissue, nor showed viral replication in any of
the tissues examined. Taken together, these findings are a
strong indication that the previous exposure to SARS-CoV-2
provided protective immunity against re-infection with the
same strain of the virus.

An in-vitro study showed that serum from a convalescent
patient effectively prevented viral entry into the study cell
lines,? confirming the in-vitro neutralizing efficacy of the
antibodies triggered by SARS-CoV-2 infection.

An in-vitro neutralization study demonstrated that antibodies
produced by 8 study subjects inoculated with vaccine
candidate mRNA-1273 (Moderna Therapeutics, Cambridge,
MA) were effective against live SARS-CoV-2.

= Anin-vitro neutralization study demonstrated that
therapeutic antibody candidate STI-1499 (Sorrento
Therapeutics, San Diego, CA) yielded 100% inhibition of
SARS-CoV-2 virus infection of healthy cells after four days
incubation. The antibody exhibited specific binding to the
S1subunit of the SARS-CoV-2 Spike protein and complete
blockade of its interaction with ACE2 receptor.™ This study
illustrates an efficient physiological mechanism for antibodies
to grant immunity against infection.

Ongoing studies are being conducted to confirm

the protective value of antibodies, as well as to
establish the duration of immunity provided and
whether antibody levels in the blood will impact this
potential immunity.

Taken together, the findings above are strong indicators

that patients who develop antibodies to SARS-Cov-2, either
through previous infection or vaccination, will have effective
protection against this virus, as is typically the case in viral
infections. This assertion is critical as clinicians, health care
institutions, governments and even private individuals consider
their options as we progress through the various stages of the
ongoing COVID-19 pandemic. It is also especially relevant as we
consider the possible roles to be played by serological testing
in critical decisions we will all have to make in the near future,
be it from a public health/policy making perspective, but also
as individuals adjusting to life under the constant threat of this
virus and waiting for a vaccine to be finally available. Ongoing
studies are being conducted to confirm the protective value

of antibodies, as well as to establish the duration of immunity
provided and whether antibody levels in the blood will impact
this potential immunity.

Finally, in late April 2020 concerning reports came out of
South Korea that several patients previously recovered from
COVID-19 had once again tested positive for the virus using
molecular assays. These reports raised global fear that those
were cases of re-infection which indicated an absence of long-
term protection from antibodies produced during the initial
infection. After weeks of investigation and contact tracing

for these “repeat positive” individuals, the Korean Center for
Disease control confirmed that those positive tests were due to
lingering particles of the virus. No re-infection nor transmission
of the virus was documented in these individuals.”®
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ARE SEROLOGICAL TESTS AVAILABLE
TODAY RELIABLE ENOUGH TO GUIDE SUCH
CRITICAL DECISIONS?

Yes, but not all of them. In recent weeks and in response to

the public calamity caused by COVID-19, regulatory agencies
worldwide including the United States Food and Drug
Administration applied emergency protocols designed to facilitate
rapid market access for products needed to respond to this crisis,
among them serological tests for SARS-CoV-2. As a result, a
multitude of tests are commercially available today, and not all of
them have been through rigorous validation processes. Therefore,
the performance of these tests, best measured as their diagnostic
sensitivity and specificity, varies significantly among the various
options available. All stakeholders who rely on serological tests
for critical decisions in this difficult time need to be educated
about the exact performance of the assay they plan to use.

Serological assays vary in multiple dimensions, all of which have
direct implications on the clinical utility of the test:

o The antibody types being measured: IgG, IgM, IgA
or a combination of various antibodies.

O The performance of the test.

O The viral protein targeted by the antibody being measured.

Which antibodies does the test measure?

Tests which measure IgM or IgA, either alone or in combination
with other antibodies, are ideal to aid in the diagnosis of
SARS-CoV-2 infection, because these are the first antibodies to
appear in the blood when a patient is exposed to the virus.61920
Some studies have shown IgA antibodies to be detectable in
patient samples as early as 2 days after onset of symptoms,
followed by IgM with a median time to seroconversion of 5
days. This information is critical for potential users considering
the best option for serological assays intended to aid in the
diagnosis of disease—assays which include IgA detection in
their formulation are those best positioned to offer the highest
rate of true positive results in recently infected patients.

How does the test perform?

When considering tests for aid in diagnosis, potential users need
to focus primarily on the sensitivity of the test, as provided in
the instructions for use. Unfortunately, this critical marker of

test performance varies tremendously from sensitivity levels as
low as 61% at 14 days after onset of symptoms, to outstanding
sensitivity levels with assays which offer 100% sensitivity as early
as 8 days after onset of symptoms.” Not surprisingly, the best
sensitivity documented to date was observed with a “total”
antibody assay which detects IgA, IgM and IgG,” thus reinforcing
in real clinical use how critical IgA detection is to ensure optimal
assay sensitivity and make sure that infectious patients are not
inadvertently released into the community.

It is critical to note that sensitivity levels must be compared
taking in consideration how many days after symptom onset
the samples were taken, because this is an acute infection

and the timing of seroconversion varies among individuals.
Therefore, even if an assay exhibited 100% sensitivity in their
validation study, such an assay would have very limited clinical
use in diagnosing COVID-19 if this performance was validated
with samples obtained too late in the disease progression.

Conversely, tests which measure 1gG, either alone or in
combination with other antibodies, can be used to identify
individuals with an adaptive immune response to SARS-

CoV-2, indicating recent or prior infection, because these are

the antibodies which remain in circulation for longer periods

of time and likely convey protection against re-infection, as
discussed above.® When considering tests for assessing immune
response, based on this intended use, potential users need to
focus primarily on the specificity of the test, as provided in the
instructions for use. Unfortunately, this critical marker of test
performance also varies significantly from specificity levels as low
as 87.1%, to outstanding specificity levels with assays which offer
100% specificity.” It is critical to note that even such an apparently
small difference in specificity (100% to 98%) actually represents

a major difference in the clinical value of the test in real life, due
to the low prevalence of SARS-CoV-2 exposure in the general
population. Even in Spain, one of the nations hardest hit by the
pandemic, only about 5% of the population has been exposed to
the virus.® It is therefore reasonable to expect that current global
levels of exposure are significantly lower. If we assume a global
population currently with 2% prevalence of exposure and we test
this population with an assay with only 98% specificity (thus an
assay which reports 2% false positives), we would end up with 2
out of every 4 positive tests reported (50%) being a false positive.
This rate of erroneous results can be catastrophic as individuals
may consider themselves protected when they were not.

Even such an apparently small difference in
specificity (100% to 98%) actually represents a major
difference in the clinical value of the test in real life,
due to the low prevalence of SARS-CoV-2 exposure in
the general population.

What viral protein does the test measure?

Finally, going back to the fundamental question at stake when
it comes to the main value of serological testing in the fight
against COVID-19 (do antibodies really provide immunity
against COVID?) it is critical that potential users of serological
tests be aware of the viral proteins targeted by the antibodies
they will be detecting. It is the spike (S) protein of SARS-CoV-2
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which facilitates viral entry into target cells. Entry depends on
the S protein binding to the angiotensin-converting enzyme 2
(ACE2) as receptor and subsequently employing a cellular serine
protease for S protein priming.? Therefore, the antibodies which
are truly relevant to establish whether a person is protected
from SARS-CoV-2 infection are those against the S protein.

Most neutralizing antibodies against viral infection target
surface proteins of the viruses, and anti-S1 or anti-S monoclonal
antibodies have demonstrated neutralizing activities and
prevented SARS-CoV-2 infection in cultured cells.*? Therefore, the
S protein of SARS-CoV-2 is the target of almost all the vaccines
currently under development,? in which some initially published
results were very encouraging. A DNA vaccine targeting S
protein demonstrated protection from SARS-CoV-2 infection

in nonhuman primates, and the vaccine-induced neutralizing
antibodly titers correlated with protective efficacy.? Preliminary
clinical results of the mRNA-1273 vaccine revealed effective
induction of neutralizing antibodies in 8 human subjects.”®

All these observations suggested that anti-S or anti-S1 antibodies
are not only a biomarker indicating viral exposure or infection,
but also the active elements mediating protection or immunity.
Indeed, antibody levels detected by serological tests targeting the
S or S1 protein of SARS-CoV-2 often showed a strong correlation
with neutralizing titers measured by neutralization tests.?® On the
other hand, some of the currently available serological tests detect
antibodies against other viral proteins, such as the nucleocapside
N antigen. These tests are unlikely to directly detect neutralizing
antibodies,” thus raising additional questions about these assays
as to the true value of a positive test result in indicating potential
immunity against COVID-19.

In summary, serological tests are a critical part of the global
fight against COVID-19 and can help determine global

efforts to mitigate the social and economic consequences

of this pandemic. One of the most critical potential uses of
these tests is to establish whether an individual has been
previously exposed to SARS-CoV-2, and as such is both
immune from contracting the disease again and spreading it

in the community. While a categorical scientific confirmation
that the antibodies detected by serological tests do convey
this immunity is still pending, there are very strong reasons
and indirect evidence pointing in this direction. While the
performance and clinical intended uses of various commercially
available antibody tests vary greatly, there are some assays
which offer the reliability needed to guide the critical decisions
society and individuals will have to make in the near future.
Stakeholders responsible for the selection of serological tests
need to carefully educate themselves in the performance and
other characteristics of the various options available to them.

More information on VITROS® COVID-19 Assays for Healthcare providers can be found on:

https://www.fda.gov/media/137361/download
https://www.fda.gov/media/136970/download
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