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Sensitive detection of anti-spike antibodies enables
improved understanding of SARS-CoV-2 pathogenesis

Summary

Mass vaccination of the global population against
SARS-CoV-2 will, we hope, turn the tide against this
devastating pandemic. To complement vaccinations,
better tools are needed to enable viral infections and
immunological protection to be monitored. Accurate
tools provide sound data for informed decision-making
at many levels, from personal to governmental. The
measurement of viral RNA is currently routinely used
to detect active infections, but only gives a positive re-
sult during infection and is unable to reveal historic
infections. Tests involving a detection of SARS-CoV-2-
specific antibodies can reveal prior exposures to virus
and can measure anti-viral immune responses induced
after natural infection or after vaccination. They may
eventually also be used to predict an individual's likeli-
hood of becoming re-infected. Here, we report on the
development of a sensitive ELISA technique to detect
multiple isotypes of antibodies against the spike glyco-
protein, in samples of both serum and saliva. This paper
provides an important step towards understanding the
immune response to SARS-CoV-2 and may therefore
eventually help us to effectively control it.

The scientific community has made rapid advances in
understanding the biology of SARS-CoV-2. These include
the development of multiple effective vaccines [1] that
are now beginning to ameliorate the effects of infections
worldwide, and in identifying and testing strategies for
the treatment of those unfortunate enough to be hospi-
talized after becoming infected. Parallel to these advances
have been developments in our ability to detect both ac-
tive viral infections and the potentially protective immune
responses generated after an individual has been infected
or vaccinated. The gold standard for detecting active in-
fections is the PCR test. However, because PCR requires
expensive specialist equipment, it is generally performed
in centralized laboratories, with a consequent turnaround

time in the order of 24 h. Thus, there is also a need for
more rapid tests that can cheaply be performed at home.
In the UK, this need for rapid detection of viral antigens is
met by the use of lateral flow devices [2] designed to detect
the expression of viral antigens.

While PCRs and antigen detection tests are important
for detecting active infections, they are not able to reveal
whether an individual has previously been exposed to the
virus, or any of the characteristics of the immune response
that is subsequently generated. These data are important
for the assessment of, for instance, the level of protection
against re-infection. This information about previous in-
fections and the immune response can be generated in
several ways, including the assessment of virus-specific
T cells [3], or by measuring the SARS-CoV-2-specific an-
tibodies produced by individuals after infection or vac-
cination. Antibody tests are highly specific and can be
designed to identify responses to vaccine antigens, or to
non-vaccine antigens. They can also be used to identify
the immunoglobulin isotype of the detected antibody, giv-
ing additional information about the nature of the elicited
immune response. However, the development of accurate
assays is difficult and is affected by many factors, includ-
ing an individual's level of infection, the site from which
the sample is taken, and the detailed characteristics of the
test that is used.

Analyses of SARS-CoV-2-specific antibodies have been
developed and refined as the pandemic has progressed.
The presence of higher levels of spike-specific IgA and
IgG has been shown to correlate with increased severity of
clinical disease [4]. More detailed analyses, the ‘systems
serology’ approach [5], have revealed characteristics of
antibody responses that differ between adults and chil-
dren [6], and may therefore guide more sophisticated de-
velopment of tailored vaccines in the future. In addition to
antibodies specific for SARS-CoV-2 antigens, there is also
interest in measuring auto-antibodies generated following
infection. Tissue-specific autoantibodies can be detected
after severe infections and may conceivably play a role in
exacerbating viral-induced pathology [7].

For analyses of SARS-CoV-2-specific antibodies to be
useful, there is a requirement for assays with high sensitiv-
ity and high specificity to detect the antibodies in available
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biological samples. While antibodies are relatively easy to
detect in people with severe disease, antibody tests are less
reliable in people who are asymptomatic or who have mild
symptoms. Here, we highlight a study from a team that
has systematically developed a high-sensitivity ELISA,
and used it to analyse the presence of anti-SARS-CoV-2
antibodies of IgA, IgG and IgM isotypes in both serum
and saliva samples from non-hospitalized PCR-confirmed
individuals [8]. The authors hypothesized that difficulties
in detecting antibody positivity in individuals with milder
infections may be caused by two factors: first, the available
assays are relatively insensitive, and second, the mucosal
and systemic immune responses are compartmentalized,
so that antibodies circulating in serum may not readily
be detected in the saliva samples that are more readily
available for testing. Having systematically developed a
highly refined ELISA using trimeric spike glycoprotein,
they were able to detect immune response in people with
low levels of infection. The most sensitive method for de-
tecting infections required measurements of IgG, IgA and
IgM to be combined. While the authors were able to detect
anti-viral antibodies in saliva, saliva-positive individuals
were less frequent than serum-positive individuals and
tended to also display higher levels of anti-viral antibod-
ies in their serum [8]. This work provides insight into the
mechanisms controlling anti-viral antibody production in
individuals with relatively low levels of infection. It there-
fore represents an important step in developing the tools
necessary to understand the pathogenesis of SARS-CoV-2
infections, and make informed decisions about how best
to prevent infections and treat disease.
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