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Fc effector cross-reactivity: A hidden arsenal
against SARS-CoV-2’s evasive maneuvering
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Itis unclear whether SARS-CoV-2 VOCs differentially escape Fc effector functions of antibodies in addition to
neutralization. In this issue of Cell Reports Medicine, Richardson et al.! show that VOCs differ both in their
ability to evade as well as elicit cross-reactive Fc-effector functions.

Like most pathogens, SARS-CoV-2 infec-
tion triggers host innate, humoral, and
cell-mediated immune responses that
can contribute to protection. SARS-CoV-
2 neutralizing antibodies (nAbs) have taken
the centerstage in defining protective im-
munity as they can directly prevent virus
from entering susceptible cells. In the
face of nAb pressure, SARS-CoV-2
evolves to robustly escape neutralization
resulting in variants of concern (VOCs)
like Alpha, Beta, Delta, and Omicron. Re-
ductions in nAb titers increase the risk of
symptomatic SARS-CoV-2 infection.?
However, immunity conferred by natural
infection and vaccination has remained
efficacious against severe COVID-19
illness despite a significant drop in neutral-
izing titers over time.> Moreover, mRNA
immunization protects from infection
before nAbs are induced.* These data
argue for additional correlates of protec-
tion. T cell-mediated immunity® certainly
remains at play, but one cannot discount
the additional modes of antibody-medi-
ated protection. Antibodies complexed
with target antigen can use their Fc domain
to mediate effector functions through inter-
actions with Fc receptors (FcRs) ex-
pressed on effector leukocytes. FcR
engagement on natural killer cells, neutro-
phils, and monocytes facilitates pleiotropic
functions, including the clearance of virus-
infected cells through phagocytosis (anti-
body-dependent cellular phagocytosis
[ADCPY]) cytotoxic killing of virus-infected
cells (antibody-dependent cellular cyto-
toxicity [ADCC]), and nibbling of infected
cell membranes (antibody-dependent
cellular trogocytosis [ADCT]). The Fc
domain can also induce complement
deposition (antibody-dependent comple-

ment deposition [ADCD]) and lyse opson-
ized cells or viruses. Unlike nAb that must
bind to limited regions within the SARS-
CoV-2 spike (RBD, NTD, and S2) for
neutralization, 80%-96% of spike-binding
antibodies are non-neutralizers that can
potentially bind to the entire surface of
the spike.®” These non-neutralizing anti-
bodies (non-nAbs) can hypothetically
bind and successfully target VOCs through
Fc-effector functions. Therefore, testing
VOC sensitivity to antibody-mediated Fc-
effector responses elicited by natural
infection or vaccination is crucial for under-
standing immune correlates of protection
against VOCs and guiding future vaccine
design.

In this issue of Cell Reports Medicine, Ri-
chardson et al.' investigated these Fc-
effector responses using plasma samples
from convalescent donors infected during
the three distinct waves of COVID-19 infec-
tion in South Africa (Figure 1). Each wave
was dominated by a different variant
(wave 1, D614G; wave 2, Beta; and wave
3, Delta). This allowed the authors to
compare both resistance and cross-sus-
ceptibility of VOCs to elicited Fc-effector
responses (ADCC, ADCP, ADCT, and
ADCD) in plasma of convalescent
and Ad26.COV2.S-vaccinated individuals.
While wave 1 plasma showed a significant
decrease in neutralizing activity against
Beta, the amount of total spike-binding
IgA and IgG antibodies were only margin-
ally different. These data implied that
convalescent plasma contains non-nAbs
that can bind epitopes beyond those
mutated in VOCs and potentially mediate
Fc-effector functions. Indeed, Fc-effector
functions mediated by wave 1 plasma
against Beta spike were affected to alesser

extent than the large drop in neutralization.
Interestingly Beta VOC-specific ADCD ac-
tivity was decreased substantially in wave
1 plasma compared to other Fc effector
functions. Several factors including anti-
body isotype, glycosylation, and distance
of the antibody-binding epitope from the
membrane govern complement deposition
activity. However, these aspects were not
investigated in the current study. Subse-
quent domain-mapping revealed that
despite harboring neutralization-resistant
mutations, wave 1 plasma could bind
Beta RBD and NTD to elicit ADCC activ-
ities. In contrast to wave 1 plasma samples,
wave 2 plasma mediated ADCP, ADCD,
and ADCT to similar levels against D614G
and Beta spikes, demonstrating that infec-
tion with Beta VOC elicits broader Fc-
effector responses. Again, not all Fc-
effector functions were similar, with wave
2 plasma demonstrating significantly
higher ADCC activity against the autolo-
gous infecting Beta spike.

Richardson et al. next expanded the
ADCC analyses to include a larger panel
of VOCs (Alpha, Beta, Gamma, Delta) in
addition to plasma samples for wave 3
and Ad26.COV2.S vaccinees. Plasma
samples for wave 1 and vaccinees were
similar and maintained robust Fc-effector
activity against autologous D614G Spike
while showing reduced ADCC activity
against all VOCs except Alpha. In
contrast, wave 2 plasma maintained
ADCC activity against all VOCs whereas
wave 3 plasma mediated ADCC that was
more cross-reactive than the wave 1 but
less cross-reactive than wave 2. Interest-
ingly, ADCC activity in wave 3 plasma was
significantly reduced against Beta spike.
Thus, this study showed that the Beta
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Figure 1. SARS-CoV-2 Beta VOC elicits broadly reactive Fc-effector functions

Fc-effector functions of antibodies against SARS-CoV-2 are of increasing interest for their protective roles
during infection. Richardson et al.” test Fc-effector functions mediated by patient plasma samples
collected during distinct waves of infection in South Africa. Their data shows that prior infection with the
Beta variant elicits the broadest Fc effector functions—a finding which may guide future vaccine design.

variant is unique in not only evading Fc-
effector functions among the VOCs tested
but also elicits antibodies with better Fc-
effector cross-reactivity against all VOCs.

Kaplonek et al.® recently also tested the
cross-reactivity of Fc-effector functions
against VOCs. Their results showed that

despite robust binding to VOC spike pro-
teins, antibodies generated after natural
infection showed compromised Fc-
effector responses, whereas those
induced by mRNA-1273 vaccine were
more resistant to escape mutations in
VOC spike. The divergence in Fc-effector

2 Cell Reports Medicine 3, 100540, February 15, 2022

Cell Reports Medicine

cross-reactivities of convalescent plasma
between the two studies could be due to
recruitment of subjects with asymptom-
atic or mild symptoms® versus hospital-
ized patients.’ Overall, both studies have
provided evidence that cross-reacting
non-nAbs continue to interact with
emerging VOCs and have the potential
to provide immunity against disease
despite reductions in neutralizing titers.
Further experiments in animal models
that focus on protection offered by
plasma samples from vaccinated and
convalescent individuals against VOCs
will clarify the effective contribution of re-
sidual Fc-effector activities toward VOC-
specific immunity.

Previous studies on viruses such as
HIV-1 have highlighted the need to pre-
sent the right conformation of Envelope
protein for eliciting desired protective im-
mune responses.’ The addition of two
rigid proline amino acids (2P mutation) in
SARS-CoV-2 spike to ensure presenta-
tion of pre-fusion conformation to the im-
mune system played a significant role in
the success of current vaccination regi-
mens.'® Data presented by Richardson
et al.” suggest that the conformation pre-
sented by the Beta VOC spike can be
further utilized to generate antibodies
with broad Fc-effector function profiles
for enhancing SARS-CoV-2 immunity.
Moreover, with its constellation of neutral-
ization-resistant mutations, a vaccine
based on the Omicron spike may induce
broader and durable immune responses
to shield us from expected future viral
evolution.
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