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The pandemic of Coronavirus Disease 2019 (COVID-19) caused by SARS-CoV-2 has
induced global eagerness to develop vaccines and therapeutics for treating COVID-19,
including neutralizing antibodies. To develop effective therapeutic antibodies against
SARS-CoV-2, it is critical to understand the interaction between viral and host’s
proteins. The human ACE2 (hbACE2) protein is the crucial target for the SARS-CoV’s
Spike protein that allows the virus to adhere to host epithelial cells. X-ray crystal
structures and biophysical properties of protein-protein interactions reveal a large
interaction surface with high binding-affinity between SARS-CoV-2 and nACE2 (18
interactions), at least 15-fold stronger than between SARS-CoV-1 and hACE2 (eight
interactions). This suggests that antibodies against CoV-1 infection might not be very
efficient against CoV-2. Furthermore, interspecies comparisons indicate that ACE2
proteins of man and cat are far closer than dog, ferret, mouse, and rat with significant
differences in binding-affinity between Spike and ACE2 proteins. This strengthens the
notion of productive SARS-CoV-2 transmission between felines and humans and that
classical animal models are not optimally suited for evaluating therapeutic antibodies.
The large interaction surface with strong affinity between SARS-CoV-2 and hACE2
(dG—12.4) poses a huge challenge to develop reliable antibody therapy that truly blocks
SARS-CoV-2 adherence and infection. We gauge that single antibodies against single
epitopes might not sufficiently interfere with the strong interaction-synapse between
Spike and ,ACE2 proteins. Instead, appropriate combinations of high-affinity neutralizing
antibodies against different epitopes might be needed, preferably of IgA-class for optimal
and prolonged activity at epithelial layers of respiratory and intestine tracts.
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FIGURE 2 | Currently known antibodies targeted against cov2S protein do not hinder the complete interaction site between cov2S and hACE2 proteins. (A) Visualizing
interacting surface between cov2S and HACE2 proteins (PDB ID: 6L.ZG). Two highly dominant interacting regions (DIR) in cov2S protein are referred as DIR-1 and DIR-2.
Two antibodies in the top panel bind to Spike protein epitopes that do not interact with ,ACE2. Multiple X-ray crystallographic structures for one antibody were aligned
in PyMOL (59). Five antibodies in the bottom panel from four different studies interact with the interaction region between cov2S and hACE2 proteins. These five
antibodies interact with the DIR-2 region, but not with residues in the DIR-1 region. The surface area of the interacting region in cov2S protein is 1,773A2 surface area,
whereas an antibody can cover 600-900 A2 surface. (B) Schematic diagram to explain how the currently known antibodies can completely hinder cov2 S-nACE2
interaction with the help of a partner antibody.
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Spike protein which is related to the infectivity of the SARS-
CoV-2 (60), however, the precise meaning remains unclear
(61). Moreover, the effect of the mutated epitopes in cov2S
protein on the effectiveness and affinity of the above-mentioned
neutralizing antibodies will be interesting to understand. The
ACE2 variants in different species are directly related to the
level of infectivity, but no statistically significant mutation has
been reported in the ,ACE2 protein worldwide, so far (62).
We believe that the ACE2 protein is not yet under selection
pressure, as the COVID infections are recent encounters to the
human populations. Of course, it will be very interesting to
know how different populations will adapt genetically to these
infections in the future, but evolutionary selection of the ACE2
receptor will be a very long-term adaptation to the COVID-
19 infection.

The antibody itself can impact its therapeutic potential for
example by post translational mechanisms i.e., Fc glycosylation
can impact the pharmacokinetics and pharmacodynamics of
the antibodies (63, 64). Also, the class-specific antibody
response ie., IgM, IgG, or IgA, impacts the functioning of
the antibodies, because of the significant differences between
the effector functions of antibodies of different classes. This
does not only concern their complement binding and Fc
receptor binding, but also other typical characteristics such as
the efficient transport of IgA dimers through epithelial layers
and their survival in mucosal lining fluid of the epithelial
layers in respiratory tract and intestine. In most infection
and vaccination studies, serum antibody analysis is focused on
antigen-specific antibodies of IgM and IgG class, rarely IgA
class. Importantly, we consider a major role of epithelium-
linked IgA dimer antibodies because the virus enters via the
mucosal route where the IgA antibody response is ideally
a first line antibody defense mechanism of the immune
system in blocking the virus to adhere to the epithelial
layers. In line with these considerations, Sterlin et al. recently
showed that the IgA response dominates the early neutralizing
antibody response to COVID-19 infection and IgA response
contributes more to virus neutralization as compared to the
IgG response (65). These insights challenge the vaccination
strategies where most of the vaccines are developed to raise
IgG responses which may not provide optimal protection at the
mucosal surfaces in respiratory infections, such as SARS-CoV-
2 infections. The intranasal vaccination strategy and IgA-based
therapeutic antibodies for the influenza infection (66, 67) and
intranasal administration of a MERS-derived vaccine (68) clearly
exploit the beneficial role of IgA antibodies at epithelial layers.
Concludingly, IgA should be preferred over IgG-based responses
in vaccination strategies and antibody treatment against COVID-
19 infection.
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CONCLUDING REMARKS

Since the binding affinity of S viral proteins to mouse ACE2
receptors is less than half as compared to humans, non-human
primates and cats (69), the antibodies raised in mouse models
will not be equally effective in humans. Similar binding efficiency
of cat’s and human’s ACE2 receptor with cov2S viral protein
makes the felines a better model to assess therapeutic and
molecular research for COVID-19 infection. In this respect,
caution should be given to cats as a frequently ignored reservoir
of the virus.

To prevent and/or disrupt the unusually high-affinity of
the cov2S-hACE2 interaction synapse, which contains at least
two high-affinity interactions sites, one can predict that a
single monoclonal “therapeutic” antibody is likely insufficient.
Consequently, proper epitope mapping of therapeutic antibodies
is needed, which should preferably target multiple tyrosine
residues in the binding region that result in highly interactive
polar bonds between viral S proteins and ACE2 receptors.
Current antibodies are potent to cover the dominant
interaction region (DIR)-2, whereas a partner antibody can
completely hinder the cov2S-n ACE2 interaction. Hence, passive
immunization for COVID-19 infection should be composed
of mixtures of different high-affinity antibodies that target
different sites of the adhesion synapse between the cov2S and
hACE2 proteins. Consequently, a set of high-affinity antibodies,
preferably of IgA-class, recognizing multiple different epitopes
of the synapse-region of the cov2S protein are needed for an
optimal and prolonged activity at epithelial layers of respiratory
and intestine tracts. This notion should not only be considered in
antibody-based therapies but also in the design of SARS-CoV-2
vaccine strategies.
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