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INTRODUCTION 
Antibodies represent the primary correlate of immunity 

following immunization with nearly all licensed vaccines (1), 
providing protection either through direct blockade of infec-
tion or through their ability to leverage the immune system 
to eliminate pathogens, should the pathogens breach the por-
tal of entry (2). Emerging data from severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) Phase 3 vaccine stud-
ies clearly demonstrate a critical association between neutral-
izing and binding antibodies and protection against severe 
coronavirus disease 2019 (COVID-19) (3). Yet, the emergence 
of SARS-CoV-2 variants of concern (VOC), including the Omi-
cron variant that evades neutralizing antibodies, has led to 

increased breakthrough infections globally among vaccinated 
individuals. Thus far, despite this striking rise in break-
through infections, a concomitant rise in severe disease and 
death has not been observed. Unlike previous VOCs, emerg-
ing data suggest that Omicron exhibits reduced angiotensin 
converting enzyme 2 (ACE2) binding (4), and is largely an up-
per respiratory disease (5, 6). However, whether this com-
partmentalization of disease is related to differential viral 
infectivity alone or also related to persistent vaccine-induced 
immunity remains incompletely understood. The lower hos-
pitalization rates among vaccinated individuals (7) suggest 
that vaccine-mediated protection may still persist despite loss 
of neutralizing antibody activity. Although it seems that 
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The Omicron variant of SARS-CoV-2 has been shown to evade neutralizing antibodies elicited by 
vaccination or prior infection. Despite the dramatic global spread of the Omicron variant, even among 
highly vaccinated populations, death rates have not increased concomitantly. These data suggest that 
immune mechanisms beyond antibody-mediated virus neutralization may protect against severe disease. In 
addition to neutralizing pathogens, antibodies contribute to control and clearance of infections through Fc-
effector mechanisms. Here we probed the ability of vaccine-induced antibodies to drive Fc-effector activity 
against the Omicron variant using samples from individuals receiving one of three SARS-CoV-2 vaccines. 
Despite a substantial loss of IgM, IgA, and IgG binding to the Omicron variant Receptor Binding Domain 
(RBD) in samples from individuals receiving BNT162b2, mRNA-1273, and CoronaVac vaccines, stable 
binding was maintained against the full-length Omicron Spike protein. Compromised RBD binding IgG was 
accompanied by a loss of cross RBD-specific antibody Fcγ receptor (FcγR) binding in samples from 
individuals who received the CoronaVac vaccine, but RBD-specific FcγR2a and FcγR3a binding was 
preserved in recipients of mRNA vaccines. Conversely, Spike protein-specific antibodies exhibited 
persistent but reduced binding to FcγRs across all three vaccines, though higher binding was observed in 
samples from recipients of mRNA vaccines. This was associated with preservation of FcγR2a and FcγR3a 
binding antibodies and maintenance of Spike protein-specific antibody-dependent natural killer cell 
activating antibodies. Thus, despite the loss of Omicron neutralization, vaccine-induced Spike protein-
specific antibodies continue to drive Fc-effector functions, suggesting a capacity for extra-neutralizing 
antibodies to contribute to disease control. 
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transmission blockade may be lost against Omicron, disease 
attenuation may still be maintained through alternative vac-
cine-induced immune responses that critically modulate dis-
ease severity, which is the ultimate goal of vaccination. 

Beyond blockade of infection, cellular immune responses 
can directly or indirectly contribute to protection against se-
vere disease. T cells may directly recognize and eliminate in-
fected cells (8). In addition, binding antibodies with the 
capability of interacting with Fc receptors (FcRs), found on 
immune cells, can leverage the antiviral activity of the innate 
immune system (9). These binding antibodies can rapidly 
drive opsonophagocytic clearance, promote killing of infected 
cells, and elicit the release of pro- or anti-inflammatory me-
diators. Each of these features have been linked to protection 
against several viruses, including Influenza (10, 11), Ebola vi-
rus (12, 13), and HIV (14). Previous studies have shown that 
attenuated or delayed SARS-CoV-2 IgG responses with com-
promised Fcɣ receptor (FcɣR) binding have been linked to 
fatal SARS-CoV-2 infection (15). Moreover, patients hospital-
ized with COVID-19 are less likely to have opsonophagocytic 
antibodies compared to non-hospitalized patients (16). Fur-
thermore, several SARS-CoV-2 neutralizing monoclonal anti-
bodies require Fc effector functions to confer protection 
against SARS-CoV-2 infection and disease in animal models, 
collectively highlighting the importance of extra-neutralizing 
Fc effector functions in immunity to SARS-CoV-2 (17–20). 
However, whether Fc activity persists to provide protection 
against Omicron remains unclear. Here we show diminished 
antibody isotype binding to the Omicron receptor binding do-
main (RBD) across vaccine platforms, but persistent, albeit 
reduced, Fc-activity to the Omicron Spike protein. This likely 
contributes to rapid control and clearance of viral infection, 
thereby attenuating disease severity. 

RESULTS 
Omicron RBD recognition was reduced in samples 

from individuals vaccinated with BNT162b2, mRNA-
1273, and CoronaVac. 

Despite the substantial loss of vaccine-induced neutrali-
zation against the Omicron VOC, persistence of vaccine-in-
duced antibody binding may continue to confer protection 
against disease through extra-neutralizing antibody func-
tions that have been linked to natural resolution of infection 
and vaccination (9, 15, 17). Thus, we probed the persistence of 
vaccine-induced antibody binding to recombinant RBD 
across SARS-CoV_2 VOCs (Fig. 1A). Persistence of RBD 
recognition was compared using plasma samples from recip-
ients of 3 vaccine platforms, including the Moderna mRNA-
1273 (21), Pfizer/BioNtech BNT162b2 (22), and Sinovac Coro-
naVac (23). All samples were collected 13 to 19 days after the 
second vaccine dose. 

Comparable IgM responses were observed across all vac-
cine platforms to the RBD from D614G, Alpha (B.1.1.7), Beta 

(B.1.351), and Delta (B.1.617.2), with a significant (p<0.001) 
loss of Omicron (B.1.1.529) recognition by all three platforms 
(Fig. 1A). mRNA vaccines induced stronger IgA RBD-specific 
cross-reactive responses, that were compromised, but not 
completely lost, for Omicron. IgA responses were observed 
across RBD VOCs in samples from those receiving CoronaVac 
vaccination. Robust IgG responses were observed for mRNA 
vaccines that were relatively stable across VOC RBDs; this in-
cluded a decrease in, but not complete loss of, recognition of 
the Omicron RBD. As expected, CoronaVac induced lower 
IgG responses across VOC RBDs and also exhibited dimin-
ished binding to the Omicron RBD. These data point to a per-
sistent, albeit lower, recognition of the Omicron RBD across 
isotypes by these 3 vaccine platforms. 

Recognition of Omicron Spike protein was main-
tained across vaccine platforms. 

Although most neutralizing antibodies target the Spike 
antigen on or proximal to the RBD (24), Fc-functional anti-
bodies that drive viral clearance or killing of infected cells can 
target the whole surface of the Spike antigen. Thus, we next 
profiled isotype recognition across Spike proteins from VOCs 
(Fig. 1B). All vaccines induced Spike protein-specific IgM re-
sponses across most VOCs and exhibited attenuated binding 
to the Omicron Spike protein. IgA responses that reacted 
against Spike protein VOCs were most robustly induced by 
the BNT162b2 and mRNA-1273 vaccines, but these samples 
still exhibited a partial decline in recognition of the Omicron 
Spike protein. Conversely, the CoronaVac vaccine elicited 
lower IgA responses across Spike proteins from VOCs that 
were completely preserved against Omicron. Moreover, 
BNT162b2 and mRNA-1273 mRNA vaccines induced the high-
est degree of Spike protein IgG binding against all measured 
VOCs; only a moderate loss of recognition of the Omicron 
Spike protein was observed. Likewise, no difference in IgG 
binding to the Omicron N-terminal domain (NTD) compared 
to D614G NTD in BNT162b2 vaccinated individuals was ob-
served (fig. S1). Interestingly, despite the lower overall IgG 
titers induced by the CoronaVac vaccine, IgG responses rec-
ognized the Omicron Spike proteins similarly to the D614G 
spike protein, pointing to robust preservation of Spike pro-
tein-specific IgG immunity across the 3 vaccine platforms. 

Omicron-specific FcγR binding activity was varia-
ble across vaccine platforms. 

The ability of antibodies to leverage Fc-effector functions 
depends on their ability to interact with FcRs found on all 
immune cells (25). Thus, we profiled the ability of vaccine-
induced RBD and Spike protein-specific antibodies to inter-
act with the four low affinity FcγRs found in humans, known 
to regulate and drive antibody effector functions (26). mRNA 
vaccines induced robust cross-reactive RBD-specific FcγR 
binding antibodies, but exhibited a near complete loss of in-
hibitory FcγR2b and neutrophil-specific FcγR3b binding in 
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response to the Omicron variant RBD; in contrast, opsonoph-
agocytic FcγR2a and cytotoxic FcγR3a binding to the Omi-
cron variant RBD remained detectable (Fig. 2A). Omicron 
FcR binding was reduced but detected more robustly for 
Spike protein-specific antibodies (Fig. 2B). CoronaVac in-
duced an intermediate degree of RBD-specific FcγR binding 
antibodies across VOCs but exhibited a near complete loss of 
Omicron RBD-specific FcγR binding, despite the ability to 
bind to RBD (Fig. 1A, Fig. 2A). These data point to qualita-
tive differences in antibody Fc-binding capabilities that are 
not always linked to antibody titers. Although CoronaVac in-
duced comparable concentrations of D614G and Omicron 
Spike protein-specific IgG antibodies (Fig. 1B), Spike pro-
tein-specific antibodies elicited by CoronaVac exhibited a 
more profound decline in Omicron-specific FcγR-binding 
(Fig. 2B). Of note, these patterns were sex-independent (fig. 
S2). However, a common pattern of Omicron Spike protein-
specific FcγR-binding loss was observed across the three plat-
forms, marked by a selective persistence of higher opsonoph-
agocytic FcγR2a and cytotoxic FcγR3a binding, and a sharper 
decline of inhibitory FcγR2b and neutrophil-activating 
FcγR3b binding. 

Disproportionate loss of Omicron RBD-specific, but 
not Spike protein-specific, antibody Fc binding 

To begin to gain a deeper understanding in the relation-
ship of Omicron-specific antibody binding and FcγR-driven 
biology, we constructed correlation matrices for IgG1 binding 
titers and individual FcγR binding activity for the different 
VOCs. As expected, significant (p<0.05), positive (r>0.7) asso-
ciations were noted between RBD- or Spike protein-specific 
antibody-binding concentrations and FcγR binding activity 
across the D614G, Alpha, Beta, and Delta variants (Fig. 3A 
and B). The relationship between Spike protein-specific anti-
body binding titers and FcγR2b was slightly less robust, 
pointing to some variation in the ability of vaccine-induced 
antibodies to retain and leverage this inhibitory human FcR 
against the Beta VOC. Strikingly, lower correlations were 
noted in Omicron RBD-specific binding antibody concentra-
tions and all FcγR binding activity. RBD-specific antibodies 
were solely significantly (p<0.05) correlated with FcγR2a 
binding activity. Conversely, Omicron Spike protein-specific 
antibody binding concentrations continued to correlate with 
FcγR binding activity, albeit weaker than relationships pre-
viously observed for other VOCs. Moreover, the relationship 
between Omicron Spike protein-specific binding and FcγR 
binding was maintained more robustly for FcγR2a and 
FcγR3a, potentially, marking the retention of particular anti-
body effector functions. 

To further investigate whether Fc-effector was main-
tained against Omicron, an antibody-dependent natural 
killer (NK) cell activation (ADNKA) assay, which mainly re-
lies on FcγR3a binding, was performed (Fig. 4 and fig. S3). 

As expected, Spike protein-specific antibodies to the D614G 
and Omicron Spike protein induced comparable degrees of 
NK cell activation (marked by the up-regulation of CD107a, a 
marker of NK cell degranulation) across the three vaccine 
platforms (27). Conversely, only antibodies to the D614G RBD 
but not Omicron were able to robustly activate NK cells. 
Moreover, as expected, RBD-specific antibody-mediated NK 
cell degranulation declined across the 3 vaccine platforms to 
the Omicron-RBD; however, this decrease was the most ap-
parent in Omicron Spike protein-specific antibodies isolated 
from mRNA-1273 recipients. Thus, these data highlight the 
robust preservation of Omicron Spike protein-specific Fc-ef-
fector functions, despite the loss of RBD-specific antibody ac-
tivity. 

DISCUSSION 
As SARS-CoV-2 continues to evolve, the virus has acquired 

a progressive collection of mutations preferentially located 
within the S1 domain of the Spike antigen, within or proximal 
to the RBD (28). Because many of the most potent neutraliz-
ing antibodies bind to the RBD, aimed at interfering or block-
ing interactions with ACE2, both vaccine-induced 
neutralizing antibodies and monoclonal therapeutics have 
progressively lost neutralization potency against emerging 
VOCs (29, 30). Yet unlike previous VOCs, the Omicron variant 
accumulated more than 40 mutations, including 30 in the 
Spike protein, that, to date, represents the most profound es-
cape from natural and vaccine-induced neutralizing antibody 
activity. This loss of neutralization, coupled to enhanced 
ACE2-binding, accounts for the remarkable rise in transmis-
sion events globally. However, as a second line defense fol-
lowing infection, both direct and indirect cellular 
mechanisms contribute to pathogen control and clearance. 
Specifically, T cells may directly recognize and kill infected 
cells (8). Additionally, antibodies able to leverage innate im-
mune activity can both drive the rapid elimination of viral 
particles as well as deploy the cytotoxic power of the immune 
system to kill infected cells (25). Although emerging data 
point to persistent COVID-19 vaccine-induced T cell recogni-
tion of Omicron (31), it was unclear whether vaccine-induced 
antibodies continue to leverage Fc-activity against the Omi-
cron VOC. 

Here we observed a more pronounced loss of antibodies 
targeting the Omicron RBD compared to Omicron Spike pro-
tein and compared to FcR binding across vaccine platforms, 
likely linked to the preferential incorporation of mutations in 
the S1 domain of the SARS-CoV-2 Spike protein. However, un-
like neutralizing antibodies that must target a limited num-
ber of regions on the Spike protein involved in attachment, 
positioning of the RBD, or fusion, antibodies that mediate Fc-
activity can likely bind across the entire antigenic surface. 
Likewise, we did not observe a reduction in IgG1 binding ti-
ters to the Omicron N-terminal domain (NTD) compared to 
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the D614G variant. Fc-activity solely requires formation of 
immune complexes and arrangements of antibodies with Fc-
domains that are accessible to local immune cells. The re-
duced but persistent binding of IgG antibodies to the Omi-
cron Spike antigen across the mRNA and inactivated vaccine 
platforms suggests that vaccine-induced antibodies may con-
tinue to opsonize both virus and virally infected cells. Thus, 
although neutralizing antibodies are likely to be key to block-
ing transmission, non-neutralizing antibodies able to lever-
age Fc-biology, including NK cell-mediated cytotoxicity, may 
contribute to the elimination of infected cells soon after in-
fection has occurred. 

Although the three vaccines maintained robust binding to 
Omicron Spike protein-specific FcγR2a, a selective loss of 
FcγR2b and FcγR3b was observed across the platforms. 
FcγR2b is the sole low-affinity inhibitory receptor in humans, 
likely involved in attenuating inflammatory activity (26). 
Likewise, FcγR3b is solely expressed on neutrophils, likely 
critical for rapid opsonophagocytic clearance of opsonized vi-
ral particles (26). Whereas continued binding to FcγR2a and 
FcγR3a may lead to continued clearance of particles and kill-
ing of infected cells, the loss of FcγR2b and FcγR3b may re-
sult in a more inflammatory response that may attenuate 
severity and death. Likewise, emerging epidemiological re-
ports suggest that Omicron infection is less severe and causes 
mild to moderate symptomatic infection (32, 33). However, 
real-world comparisons of symptom severity across vaccine 
platforms are needed to provide enhanced resolution of the 
roles of individuals FcγRs in attenuating disease. 

Our study has limitations. We compared humoral re-
sponses across only three vaccine platforms on a limited set 
of samples. Recipients received a two-dose regimen and sam-
ples were analyzed within 4 weeks after vaccination. Thus, it 
remains unclear how durable the observed VOC responses 
are. Furthermore, the effects of a third dose in might further 
increase VOC-specific responses. Thus, future studies across 
additional platforms and in larger cohorts, including those 
with breakthrough infections, are needed. Studies investigat-
ing booster doses may also provide insights into the precise 
antibody functions that may be key to attenuating COVID-19. 

Although many developed countries have begun aggres-
sive boosting campaigns, the majority of the world remains 
incompletely vaccinated. Thus, understanding the ability of 
distinct vaccines to confer immunity against Omicron is ur-
gently needed as efforts are made to increase global vaccine 
access. Moreover, defining the immunological mechanisms 
that contribute to disease attenuation in the absence of neu-
tralization may provide key insights to guide effective pan-
variant SARS-CoV-2 vaccine design and boosting campaigns. 
Here we demonstrate the persistence of Omicron Spike pro-
tein-binding antibodies, but reduced RBD-specific binding 
antibodies and varying Fc-activating potential across vaccine 

platforms. These data provide initial insights on persisting 
mechanisms that may contribute to disease attenuation de-
spite the loss of neutralization to the Omicron VOC. 

MATERIALS AND METHODS 
Study Design 
To compare antibody responses elicited by the different 

vaccines, samples were obtained from individuals who were 
vaccinated with full dose regimens as recommended by the 
respective manufacturer. As part of a phase 1 clinical trial in 
the US (NCT04283461) individuals (20 to 53 years old; me-
dian: 30 years old; 50% female) received two doses of 100 μg 
mRNA-1273 at days 0 and 28. Plasma samples taken two 
weeks after the second dose (34). BNT162b2 vaccinated indi-
viduals received 30 μg BNT162b2 (23 to 53 years old; median: 
36 years old; 81% female) at days 0 and 21 and plasma sam-
ples were taken 13 to 19 days after the second dose. Individu-
als (23 to 46 years old; median: 31 years old; 61% female) 
received two doses of 600U CoronaVac four weeks apart and 
plasma samples were taken 13 to 19 days after the second 
dose (35). No immunocompromising comorbidities were re-
ported, and we did not observe a sex bias in our dataset (fig. 
S2). No data points were omitted from the analysis. For the 
BNT162b2 and CoronaVac study, informed written consent 
was obtained under protocol 200829003 which was reviewed 
and approved by the Scientific Ethics Committee at Pontificia 
Universidad Católica de Chile (PUC). This study was overseen 
and approved by the Mass General Institutional Review 
Board (IRB #2020P00955 and #2021P002628). Buffy coats 
from healthy volunteers were collected and processed by the 
Massachusetts General Hospital (MGH) Blood Bank. All do-
nors were 18 years of age or older and gave signed consent. 
Samples were deidentified before use and the study was ap-
proved by the MGH Institutional Review Board. 

Antigens 
Full-length Spike and RBD (Arg319-Phe541 of the Spike 

protein) antigens for the D614G, alpha (B.1.1.7), beta (B.1.351), 
and delta (B.1.617.2) VOCs were obtained from Sino-Biologi-
cals. Omicron (B.1.1.529) RBD (Arg319-Phe541 of the Spike 
protein) and N-terminal domain (NTD; Met1-Asp287) anti-
gens were generously provided by Moderna Inc. Omicron 
Spike protein was produced in-house in HEK293F cells 
(Thermo Fisher Scientific; Catalog number: A14527) as de-
scribed before (36). All RBD and NTD antigens as well as sta-
bilized (hexa-pro) Spike protein of D614G or respective 
variants were produced in mammalian HEK293 cells. 

IgG subclass, isotype, and FcγR binding 
Antigen-specific antibody subclasses and isotypes, as well 

as FcγR binding, were analyzed by Luminex multiplexing in 
technical replicates. The antigens were coupled to magnetic 
Luminex beads (Luminex Corp) by carbodiimide- N-hydroxy-
sulfosuccinimide (Sulfo-NHS) ester-coupling with an individ-
ual region per antigen. Coupled beads were incubated with 
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different plasma dilutions (1:100 for IgG2, IgG3, IgG4, IgM, 
and IgA1; 1:500 for IgG1 and 1:1,000 for FcγR probing) for 2 
hours at room temperature in 384 well plates (Greiner Bio-
One). Unbound antibodies were removed by washing and 
subclasses and isotypes were detected with a respective phy-
coerythrin (PE)-conjugated antibody (anti-human IgG1 (Cat# 
9052-09, RRID:AB_2796621), IgG2 (Cat# 9060-09, 
RRID:AB_2796635), IgG3 (Cat# 9210-09, RRID:AB_2796701), 
IgG4 (Cat# 9200-09, RRID:AB_2796693), IgM (Cat# 9020-09, 
RRID:AB_2796577), or IgA1 (Cat# 9130-09, 
RRID:AB_2796656) all from Southern Biotech) at a 1:100 di-
lution. For analysis of FcγR binding PE-Streptavidin (Agilent 
Technologies) was coupled to recombinant and biotinylated 
human FcγR2a, FcγR2b, FcγR3a, or FcγR3b protein. Cou-
pled FcγRs were used as a secondary probe at a 1:1000 dilu-
tion. After a 1 hour incubation, excessive secondary reagent 
was removed by washing and the relative antibody concen-
tration per antigen was determined on an IQue analyzer (In-
telliCyt). 

Antibody-Dependent-NK-Activation (ADNKA) 
For the ADNKA assay, MaxiSorp enzyme-linked immuno-

sorbent assay (ELISA) plates (Thermo Fisher Scientific) were 
coated with respective antigens for 2 hours at room temper-
ature and then blocked with 5% bovine serum albumin 
(Sigma-Aldrich). Fifty μl of 1:50 diluted plasma samples were 
added to the wells and incubated overnight at 4°C. NK cells 
were isolated from buffy coats from healthy donors (as men-
tioned above) using the RosetteSep NK cell enrichment kit 
(STEMCELL Technologies) and stimulated with recombinant 
human interleukin (IL)-15 (1ng/ml, STEMCELL Technolo-
gies) at 37°C overnight. NK cells were added to the washed 
ELISA plates and incubated together with 1μg/ml anti-hu-
man CD107a brilliant violet (BV) 605 (BioLegend Cat# 
328634, RRID:AB_2563851), brefeldin A (Sigma-Aldrich), and 
monensin (BD Biosciences) for 5 hours at 37°C. Next, cells 
were surface stained with 62.5 ng/ml CD56 phycoerythrin 
(PE)-Cy7 (BD Biosciences Cat# 335791, RRID:AB_399970) and 
0.25 μg/ml CD3 allophycocyanin (APC)-Cy7 (BioLegend Cat# 
300426, RRID:AB_830755). After fixation and permeabiliza-
tion with FIX & PERM Cell Permeabilization Kit (Thermo 
Fisher Scientific), cells were stained for intracellular macro-
phage inflammatory protein (MIP)-1β BV421 (BD Biosciences 
Cat# 562900, RRID:AB_2737877, 0.25 μl per well). NK cells 
were defined as CD3-CD56+ single lymphocytes and frequen-
cies of CD107a+ or MIP1β+ NK cells were determined using an 
iQue analyzer (Intellicyt). The ADNKA analysis was per-
formed with NK cells from three different donors (biological 
replicates) and the average of the three donors is shown. 

Statistical analysis 
Raw, individual-level data are presented in data file S1. If 

not stated otherwise, non-normal distributions were as-
sumed. Plots were generated and statistical differences 

between two groups were calculated in Graph Pad Prism V.8. 
A Kruskal-Wallis test with a Benjamini-Hochberg post-test 
correcting for multiple comparisons was used to test for sta-
tistical differences between D614G-specific and omicron-spe-
cific titers. 

SUPPLEMENTARY MATERIALS 
www.science.org/doi/10.1126/scitranslmed.abn9243 
Figs. S1 to S3 
MDAR Reproducibility Checklist 
Data file S1 

REFERENCES AND NOTES 
1. S. A. Plotkin, Vaccines: Correlates of vaccine-induced immunity. Clin. Infect. Dis. 47, 

401–409 (2008). doi:10.1086/589862 Medline 
2. L. L. Lu, T. J. Suscovich, S. M. Fortune, G. Alter, Beyond binding: Antibody effector 

functions in infectious diseases. Nat. Rev. Immunol. 18, 46–61 (2018). 
doi:10.1038/nri.2017.106 Medline 

3. D. S. Khoury, D. Cromer, A. Reynaldi, T. E. Schlub, A. K. Wheatley, J. A. Juno, K. 
Subbarao, S. J. Kent, J. A. Triccas, M. P. Davenport, Neutralizing antibody levels 
are highly predictive of immune protection from symptomatic SARS-CoV-2 
infection. Nat. Med. 27, 1205–1211 (2021). doi:10.1038/s41591-021-01377-8 
Medline 

4. L. Wu, L. Zhou, M. Mo, T. Liu, C. Wu, C. Gong, K. Lu, L. Gong, W. Zhu, Z. Xu, SARS-
CoV-2 Omicron RBD shows weaker binding affinity than the currently dominant 
Delta variant to human ACE2. Signal Transduct. Target. Ther. 7, 8 (2022). 
doi:10.1038/s41392-021-00863-2 Medline 

5. T. P. Peacock, J. C. Brown, J. Zhou, N. Thakur, J. Newman, R. Kugathasan, K. 
Sukhova, M. Kaforou, D. Bailey, W. S. Barclay, The SARS-CoV-2 variant, Omicron, 
shows rapid replication in human primary nasal epithelial cultures and efficiently 
uses the endosomal route of entry. bioRxiv, 2021.2012.2031.474653 (2022). 

6. K. McMahan, V. Giffin, L. H. Tostanoski, B. Chung, M. Siamatu, M. S. Suthar, P. 
Halfmann, Y. Kawaoka, C. Piedra-Mora, A. J. Martinot, S. Kar, H. Andersen, M. G. 
Lewis, D. H. Barouch, Reduced Pathogenicity of the SARS-CoV-2 Omicron Variant 
in Hamsters. bioRxiv, 2022.2001.2002.474743 (2022). 

7. S. Collie, J. Champion, H. Moultrie, L. G. Bekker, G. Gray, Effectiveness of BNT162b2 
Vaccine against Omicron Variant in South Africa. N. Engl. J. Med. (2021). 
doi:10.1056/NEJMc2119270 Medline 

8. A. T. Tan, M. Linster, C. W. Tan, N. Le Bert, W. N. Chia, K. Kunasegaran, Y. Zhuang, 
C. Y. L. Tham, A. Chia, G. J. D. Smith, B. Young, S. Kalimuddin, J. G. H. Low, D. Lye, 
L. F. Wang, A. Bertoletti, Early induction of functional SARS-CoV-2-specific T cells 
associates with rapid viral clearance and mild disease in COVID-19 patients. Cell 
Rep. 34, 108728 (2021). doi:10.1016/j.celrep.2021.108728 Medline 

9. M. J. Gorman, N. Patel, M. Guebre-Xabier, A. L. Zhu, C. Atyeo, K. M. Pullen, C. Loos, 
Y. Goez-Gazi, R. Carrion Jr., J. H. Tian, D. Yuan, K. A. Bowman, B. Zhou, S. 
Maciejewski, M. E. McGrath, J. Logue, M. B. Frieman, D. Montefiori, C. Mann, S. 
Schendel, F. Amanat, F. Krammer, E. O. Saphire, D. A. Lauffenburger, A. M. 
Greene, A. D. Portnoff, M. J. Massare, L. Ellingsworth, G. Glenn, G. Smith, G. Alter, 
Fab and Fc contribute to maximal protection against SARS-CoV-2 following NVX-
CoV2373 subunit vaccine with Matrix-M vaccination. Cell Rep. Med. 2, 100405 
(2021). doi:10.1016/j.xcrm.2021.100405 Medline 

10. S. Jegaskanda, H. A. Vanderven, A. K. Wheatley, S. J. Kent, Fc or not Fc; that is the 
question: Antibody Fc-receptor interactions are key to universal influenza vaccine 
design. Hum. Vaccin. Immunother. 13, 1–9 (2017). 
doi:10.1080/21645515.2017.1290018 Medline 

11. D. J. DiLillo, P. Palese, P. C. Wilson, J. V. Ravetch, Broadly neutralizing anti-
influenza antibodies require Fc receptor engagement for in vivo protection. J. Clin. 
Invest. 126, 605–610 (2016). doi:10.1172/JCI84428 Medline 

12. B. M. Gunn, W. H. Yu, M. M. Karim, J. M. Brannan, A. S. Herbert, A. Z. Wec, P. J. 
Halfmann, M. L. Fusco, S. L. Schendel, K. Gangavarapu, T. Krause, X. Qiu, S. He, J. 
Das, T. J. Suscovich, J. Lai, K. Chandran, L. Zeitlin, J. E. Crowe Jr., D. 
Lauffenburger, Y. Kawaoka, G. P. Kobinger, K. G. Andersen, J. M. Dye, E. O. 
Saphire, G. Alter, A Role for Fc Function in Therapeutic Monoclonal Antibody-
Mediated Protection against Ebola Virus. Cell Host Microbe 24, 221–233.e5 
(2018). doi:10.1016/j.chom.2018.07.009 Medline 



First release: 15 March 2022 www.science.org/journal/stm  (Page numbers not final at time of first release) 6 

13. L. Zeitlin, J. Pettitt, C. Scully, N. Bohorova, D. Kim, M. Pauly, A. Hiatt, L. Ngo, H. 
Steinkellner, K. J. Whaley, G. G. Olinger, Enhanced potency of a fucose-free 
monoclonal antibody being developed as an Ebola virus immunoprotectant. Proc. 
Natl. Acad. Sci. U.S.A. 108, 20690–20694 (2011). doi:10.1073/pnas.1108360108 
Medline 

14. S. Bournazos, F. Klein, J. Pietzsch, M. S. Seaman, M. C. Nussenzweig, J. V. Ravetch, 
Broadly neutralizing anti-HIV-1 antibodies require Fc effector functions for in vivo 
activity. Cell 158, 1243–1253 (2014). doi:10.1016/j.cell.2014.08.023 Medline 

15. T. Zohar, C. Loos, S. Fischinger, C. Atyeo, C. Wang, M. D. Slein, J. Burke, J. Yu, J. 
Feldman, B. M. Hauser, T. Caradonna, A. G. Schmidt, Y. Cai, H. Streeck, E. T. Ryan, 
D. H. Barouch, R. C. Charles, D. A. Lauffenburger, G. Alter, Compromised Humoral 
Functional Evolution Tracks with SARS-CoV-2 Mortality. Cell 183, 1508–1519.e12 
(2020). doi:10.1016/j.cell.2020.10.052 Medline 

16. O. S. Adeniji, L. B. Giron, M. Purwar, N. F. Zilberstein, A. J. Kulkarni, M. W. Shaikh, 
R. A. Balk, J. N. Moy, C. B. Forsyth, Q. Liu, H. Dweep, A. Kossenkov, D. B. Weiner, 
A. Keshavarzian, A. Landay, M. Abdel-Mohsen, COVID-19 Severity Is Associated 
with Differential Antibody Fc-Mediated Innate Immune Functions. mBio 12, 
(2021). 10.1128/mBiol.00281-21 

17. C. E. Z. Chan, S. G. K. Seah, H. Chye, S. Massey, M. Torres, A. P. C. Lim, S. K. K. 
Wong, J. J. Y. Neo, P. S. Wong, J. H. Lim, G. S. L. Loh, D. Wang, J. D. Boyd-Kirkup, 
S. Guan, D. Thakkar, G. H. Teo, K. Purushotorman, P. E. Hutchinson, B. E. Young, 
J. G. Low, P. A. MacAry, H. Hentze, V. S. Prativadibhayankara, K. Ethirajulu, J. E. 
Comer, C. K. Tseng, A. D. T. Barrett, P. J. Ingram, T. Brasel, B. J. Hanson, The Fc-
mediated effector functions of a potent SARS-CoV-2 neutralizing antibody, SC31, 
isolated from an early convalescent COVID-19 patient, are essential for the 
optimal therapeutic efficacy of the antibody. PLOS ONE 16, e0253487 (2021). 
doi:10.1371/journal.pone.0253487 Medline 

18. A. Schäfer, F. Muecksch, J. C. C. Lorenzi, S. R. Leist, M. Cipolla, S. Bournazos, F. 
Schmidt, R. M. Maison, A. Gazumyan, D. R. Martinez, R. S. Baric, D. F. Robbiani, T. 
Hatziioannou, J. V. Ravetch, P. D. Bieniasz, R. A. Bowen, M. C. Nussenzweig, T. P. 
Sheahan, Antibody potency, effector function, and combinations in protection 
and therapy for SARS-CoV-2 infection in vivo. J. Exp. Med. 218, e20201993 (2021). 
doi:10.1084/jem.20201993 Medline 

19. E. S. Winkler, P. Gilchuk, J. Yu, A. L. Bailey, R. E. Chen, Z. Chong, S. J. Zost, H. Jang, 
Y. Huang, J. D. Allen, J. B. Case, R. E. Sutton, R. H. Carnahan, T. L. Darling, A. C. M. 
Boon, M. Mack, R. D. Head, T. M. Ross, J. E. Crowe Jr., M. S. Diamond, Human 
neutralizing antibodies against SARS-CoV-2 require intact Fc effector functions 
for optimal therapeutic protection. Cell 184, 1804–1820.e16 (2021). 
doi:10.1016/j.cell.2021.02.026 Medline 

20. I. Ullah, J. Prévost, M. S. Ladinsky, H. Stone, M. Lu, S. P. Anand, G. Beaudoin-
Bussières, K. Symmes, M. Benlarbi, S. Ding, R. Gasser, C. Fink, Y. Chen, A. Tauzin, 
G. Goyette, C. Bourassa, H. Medjahed, M. Mack, K. Chung, C. B. Wilen, G. A. 
Dekaban, J. D. Dikeakos, E. A. Bruce, D. E. Kaufmann, L. Stamatatos, A. T. 
McGuire, J. Richard, M. Pazgier, P. J. Bjorkman, W. Mothes, A. Finzi, P. Kumar, P. 
D. Uchil, Live imaging of SARS-CoV-2 infection in mice reveals that neutralizing 
antibodies require Fc function for optimal efficacy. Immunity 54, 2143–2158.e15 
(2021). doi:10.1016/j.immuni.2021.08.015 Medline 

21. L. R. Baden, H. M. El Sahly, B. Essink, K. Kotloff, S. Frey, R. Novak, D. Diemert, S. A. 
Spector, N. Rouphael, C. B. Creech, J. McGettigan, S. Khetan, N. Segall, J. Solis, A. 
Brosz, C. Fierro, H. Schwartz, K. Neuzil, L. Corey, P. Gilbert, H. Janes, D. Follmann, 
M. Marovich, J. Mascola, L. Polakowski, J. Ledgerwood, B. S. Graham, H. Bennett, 
R. Pajon, C. Knightly, B. Leav, W. Deng, H. Zhou, S. Han, M. Ivarsson, J. Miller, T. 
Zaks; COVE Study Group, Efficacy and Safety of the mRNA-1273 SARS-CoV-2 
Vaccine. N. Engl. J. Med. 384, 403–416 (2021). doi:10.1056/NEJMoa2035389 
Medline 

22. F. P. Polack, S. J. Thomas, N. Kitchin, J. Absalon, A. Gurtman, S. Lockhart, J. L. 
Perez, G. Pérez Marc, E. D. Moreira, C. Zerbini, R. Bailey, K. A. Swanson, S. 
Roychoudhury, K. Koury, P. Li, W. V. Kalina, D. Cooper, R. W. Frenck Jr., L. L. 
Hammitt, Ö. Türeci, H. Nell, A. Schaefer, S. Ünal, D. B. Tresnan, S. Mather, P. R. 
Dormitzer, U. Şahin, K. U. Jansen, W. C. Gruber; C4591001 Clinical Trial Group, 
Safety and Efficacy of the BNT162b2 mRNA Covid-19 Vaccine. N. Engl. J. Med. 
383, 2603–2615 (2020). doi:10.1056/NEJMoa2034577 Medline 

23. R. Palacios, E. G. Patiño, R. de Oliveira Piorelli, M. T. R. P. Conde, A. P. Batista, G. 
Zeng, Q. Xin, E. G. Kallas, J. Flores, C. F. Ockenhouse, C. Gast, Double-Blind, 
Randomized, Placebo-Controlled Phase III Clinical Trial to Evaluate the Efficacy 

and Safety of treating Healthcare Professionals with the Adsorbed COVID-19 
(Inactivated) Vaccine Manufactured by Sinovac - PROFISCOV: A structured 
summary of a study protocol for a randomised controlled trial. Trials 21, 853 
(2020). doi:10.1186/s13063-020-04775-4 Medline 

24. K. M. Hastie, H. Li, D. Bedinger, S. L. Schendel, S. M. Dennison, K. Li, V. Rayaprolu, 
X. Yu, C. Mann, M. Zandonatti, R. Diaz Avalos, D. Zyla, T. Buck, S. Hui, K. Shaffer, 
C. Hariharan, J. Yin, E. Olmedillas, A. Enriquez, D. Parekh, M. Abraha, E. Feeney, G. 
Q. Horn, Y. Aldon, H. Ali, S. Aracic, R. R. Cobb, R. S. Federman, J. M. Fernandez, J. 
Glanville, R. Green, G. Grigoryan, A. G. Lujan Hernandez, D. D. Ho, K. A. Huang, J. 
Ingraham, W. Jiang, P. Kellam, C. Kim, M. Kim, H. M. Kim, C. Kong, S. J. Krebs, F. 
Lan, G. Lang, S. Lee, C. L. Leung, J. Liu, Y. Lu, A. MacCamy, A. T. McGuire, A. L. 
Palser, T. H. Rabbitts, Z. Rikhtegaran Tehrani, M. M. Sajadi, R. W. Sanders, A. K. 
Sato, L. Schweizer, J. Seo, B. Shen, J. L. Snitselaar, L. Stamatatos, Y. Tan, M. T. 
Tomic, M. J. van Gils, S. Youssef, J. Yu, T. Z. Yuan, Q. Zhang, B. Peters, G. D. 
Tomaras, T. Germann, E. O. Saphire; CoVIC-DB team1, Defining variant-resistant 
epitopes targeted by SARS-CoV-2 antibodies: A global consortium study. Science 
374, 472–478 (2021). doi:10.1126/science.abh2315 Medline 

25. G. Vidarsson, G. Dekkers, T. Rispens, IgG subclasses and allotypes: From structure 
to effector functions. Front. Immunol. 5, 520 (2014). 
doi:10.3389/fimmu.2014.00520 Medline 

26. P. Bruhns, F. Jönsson, Mouse and human FcR effector functions. Immunol. Rev. 
268, 25–51 (2015). doi:10.1111/imr.12350 Medline 

27. G. Alter, J. M. Malenfant, M. Altfeld, CD107a as a functional marker for the 
identification of natural killer cell activity. J. Immunol. Methods 294, 15–22 
(2004). doi:10.1016/j.jim.2004.08.008 Medline 

28. J. Zahradník, S. Marciano, M. Shemesh, E. Zoler, D. Harari, J. Chiaravalli, B. Meyer, 
Y. Rudich, C. Li, I. Marton, O. Dym, N. Elad, M. G. Lewis, H. Andersen, M. Gagne, R. 
A. Seder, D. C. Douek, G. Schreiber, SARS-CoV-2 variant prediction and antiviral 
drug design are enabled by RBD in vitro evolution. Nat. Microbiol. 6, 1188–1198 
(2021). doi:10.1038/s41564-021-00954-4 Medline 

29. D. Planas, N. Saunders, P. Maes, F. Guivel-Benhassine, C. Planchais, J. Buchrieser, 
W. H. Bolland, F. Porrot, I. Staropoli, F. Lemoine, H. Péré, D. Veyer, J. Puech, J. 
Rodary, G. Baele, S. Dellicour, J. Raymenants, S. Gorissen, C. Geenen, B. 
Vanmechelen, T. Wawina-Bokalanga, J. Martí-Carreras, L. Cuypers, A. Sève, L. 
Hocqueloux, T. Prazuck, F. A. Rey, E. Simon-Loriere, T. Bruel, H. Mouquet, E. 
André, O. Schwartz, Considerable escape of SARS-CoV-2 Omicron to antibody 
neutralization. Nature 602, 671–675 (2022). doi:10.1038/s41586-021-04389-z 
Medline 

30. L. A. VanBlargan, J. M. Errico, P. J. Halfmann, S. J. Zost, J. E. Crowe Jr., L. A. 
Purcell, Y. Kawaoka, D. Corti, D. H. Fremont, M. S. Diamond, An infectious SARS-
CoV-2 B.1.1.529 Omicron virus escapes neutralization by therapeutic monoclonal 
antibodies. Nat. Med. (2022). doi:10.1038/s41591-021-01678-y Medline 

31. R. Keeton, M. B. Tincho, A. Ngomti, R. Baguma, N. Benede, A. Suzuki, K. Khan, S. 
Cele, M. Bernstein, F. Karim, S. V. Madzorera, T. Moyo-Gwete, M. Mennen, S. 
Skelem, M. Adriaanse, D. Mutithu, O. Aremu, C. Stek, E. du Bruyn, M. A. Van Der 
Mescht, Z. de Beer, T. R. de Villiers, A. Bodenstein, G. van den Berg, A. Mendes, A. 
Strydom, M. Venter, J. Giandhari, Y. Naidoo, S. Pillay, H. Tegally, A. Grifoni, D. 
Weiskopf, A. Sette, R. J. Wilkinson, T. de Oliveira, L. G. Bekker, G. Gray, V. 
Ueckermann, T. Rossouw, M. T. Boswell, J. Bihman, P. L. Moore, A. Sigal, N. A. B. 
Ntusi, W. A. Burgers, C. Riou, T cell responses to SARS-CoV-2 spike cross-
recognize Omicron. Nature (2022). doi:10.1038/s41586-022-04460-3 Medline 

32. N. Wolter, W. Jassat, S. Walaza, R. Welch, H. Moultrie, M. Groome, D. G. Amoako, 
J. Everatt, J. N. Bhiman, C. Scheepers, N. Tebeila, N. Chiwandire, M. du Plessis, N. 
Govender, A. Ismail, A. Glass, K. Mlisana, W. Stevens, F. K. Treurnicht, Z. Makatini, 
N. Y. Hsiao, R. Parboosing, J. Wadula, H. Hussey, M. A. Davies, A. Boulle, A. von 
Gottberg, C. Cohen, Early assessment of the clinical severity of the SARS-CoV-2 
omicron variant in South Africa: A data linkage study. Lancet 399, 437–446 
(2022). doi:10.1016/S0140-6736(22)00017-4 Medline 

33. A. Sheikh, S. Kerr, M. Woolhouse, J. McMenamin, C. Robertson, Severity of 
Omicron variant of concern and vaccine effectiveness against symptomatic 
disease: national cohort with nested test negative design study in Scotland. 
Research output: Working paper › Preprint, (2021) Available at: 
https://www.research.ed.ac.uk/en/publications/severity-of-omicron-variant-
of-concern-and-vaccine-effectiveness-). 

34. L. A. Jackson, E. J. Anderson, N. G. Rouphael, P. C. Roberts, M. Makhene, R. N. 



First release: 15 March 2022 www.science.org/journal/stm  (Page numbers not final at time of first release) 7 

Coler, M. P. McCullough, J. D. Chappell, M. R. Denison, L. J. Stevens, A. J. 
Pruijssers, A. McDermott, B. Flach, N. A. Doria-Rose, K. S. Corbett, K. M. Morabito, 
S. O’Dell, S. D. Schmidt, P. A. Swanson 2nd, M. Padilla, J. R. Mascola, K. M. Neuzil, 
H. Bennett, W. Sun, E. Peters, M. Makowski, J. Albert, K. Cross, W. Buchanan, R. 
Pikaart-Tautges, J. E. Ledgerwood, B. S. Graham, J. H. Beigel; mRNA-1273 Study 
Group, An mRNA Vaccine against SARS-CoV-2 - Preliminary Report. N. Engl. J. 
Med. 383, 1920–1931 (2020). doi:10.1056/NEJMoa2022483 Medline 

35. N. A. Muena, T. Garcia-Salum, C. Pardo-Roa, E. F. Serrano, J. Levican, M. J. 
Avendano, L. I. Almonacid, G. Valenzuela, E. Poblete, S. Strohmeier, E. Salinas, D. 
Haslwanter, M. E. Dieterle, R. K. Jangra, K. Chandran, C. Gonzalez, A. Riquelme, F. 
Krammer, N. D. Tischler, R. A. Medina, Long-lasting neutralizing antibody 
responses in SARS-CoV-2 seropositive individuals are robustly boosted by 
immunization with the CoronaVac and BNT162b2 vaccines. medRxiv, (2021) 
10.1101/2021.05.17.21257197. 

36. Y. Cai, J. Zhang, T. Xiao, H. Peng, S. M. Sterling, R. M. Walsh Jr., S. Rawson, S. Rits-
Volloch, B. Chen, Distinct conformational states of SARS-CoV-2 spike protein. 
Science 369, 1586–1592 (2020). doi:10.1126/science.abd4251 Medline 

Acknowledgments: We thank Nancy Zimmerman, Mark and Lisa Schwartz, an 
anonymous donor (financial support), Terry and Susan Ragon, and the SAMANA 
Kay MGH Research Scholars award for their support. We acknowledge support 
from the Ragon Institute of MGH, MIT, and Harvard, the Massachusetts 
Consortium on Pathogen Readiness (MassCPR) and the Musk foundation. This 
work used samples from the phase 1 mRNA-1273 study (NCT04283461; DOI: 
10.1056/NEJMoa2022483). The mRNA-1273 phase 1 study was sponsored and 
primarily funded by the National Institute of Allergy and Infectious Diseases 
(NIAID), National Institutes of Health (NIH). This trial has been funded in part 
with federal funds from the NIAID under grant awards UM1AI148373, to Kaiser 
Washington; UM1AI148576, UM1AI148684, and NIH P51 OD011132, to Emory 
University; NIH AID AI149644, and contract award HHSN272201500002C, to 
Emmes. Funding for the manufacture of mRNA-1273 phase 1 material was 
provided by the Coalition for Epidemic Preparedness Innovation. We greatly 
appreciate the outstanding technical work of Erick Salinas, Estefany Poblete and 
Andres Muñoz. MJA and ES conducted this work as part of their Ph.D. theses in 
the Programa de Doctorado en Ciencias Biológicas mención Genética Molecular 
y Microbiología, Facultad de Ciencias Biológicas, Pontificia Universidad Cátolica 
de Chile. Funding: This study was funded by the NIH (3R37AI080289-11S1 to GA, 

R01AI146785 to GA, U19AI42790-01 to GA, U19AI135995-02 to GA, 
1U01CA260476-01 to GA, CIVIC75N93019C00052 to GA) and The Gates 
Foundation Global Health Vaccine Accelerator Platform (OPP1146996 to GA and 
INV-001650 to GA). Work in this study was based on protocols and the study set-
up established in part with the support from FONDECYT 1212023 grant (to RAM) 
from the Agencia Nacional de Investigación y Desarrollo (ANID) of Chile, the 
FLUOMICS Consortium (NIH-NIAD grant U19AI135972 to RAM) and the Center 
for Research on Influenza Pathogenesis (CRIP), an NIAID Center of Excellence 
for Influenza Research and Surveillance (CEIRS, contract # 
HHSN272201400008C to RAM). Author contributions: Y.C.B. and J.K. 
performed the experiments. Y.C.B., X.T. and G.A. analyzed and interpreted the 
data. Y.C., I.R., B.C. and G.S.-J. expressed and purified protein antigens. M.J.A., 
E.F.S., T.G.-S, C.P.-R., A.R. and R.A.M managed the sample collection. Y.C.B. and 
G.A. drafted the manuscript. All authors critically reviewed the manuscript. 
Competing interests: G.A. is a founder and equity holder of Seromyx Systems, a 
company developing a platform technology that describes the antibody immune 
response. G.A. is an employee and equity holder of Leyden Labs, a company 
developing pandemic prevention therapeutics. G.A.’s interests were reviewed 
and are managed by Massachusetts General Hospital and Partners HealthCare in 
accordance with their conflict of interest policies. I.R. and G.SJ. are employees of 
Moderna Inc. and may hold equities from the company. All other authors have 
declared that no conflicts of interest exist. Data Availability: All data associated 
with this study are in the paper or supplementary materials.  This work is 
licensed under a Creative Commons Attribution 4.0 International (CC BY 4.0) 
license, which permits unrestricted use, distribution, and reproduction in any 
medium, provided the original work is properly cited. To view a copy of this 
license, visit https://creativecommons.org/licenses/by/4.0/. This license does 
not apply to figures/photos/artwork or other content included in the article that 
is credited to a third party; obtain authorization from the rights holder before 
using this material. 

 
Submitted 2 January 2022 
Accepted 7 March 2022 
Published First Release 15 March 2022 
10.1126/scitranslmed.abn9243 
 



First release: 15 March 2022 www.science.org/journal/stm  (Page numbers not final at time of first release) 8 

 
  

Fig. 1. Vaccine-induced antibody binding to the Spike protein of SARS-CoV-2 is 
maintained across variants of concern. Individuals received the full dose regimen of the 
BNT162b2 mRNA vaccine (n = 11), mRNA-1273 vaccine (n=14), or the aluminum-
adjuvanted inactivated particle vaccine CoronaVac (n=13). Samples were obtained from 
vaccine recipients 13 to 19 days after the second dose. IgM, IgA1, and IgG1 binding titers to 
D614G, Alpha (B.1.1.7), Beta (B.1.351), Delta (B.1.617.2), and Omicron (B.1.1.529) VOC (A) 
RBDs or (B) full-length Spike protein were measured by a Luminex assay. The average 
value of technical replicates is shown. The data was corrected for background and negative 
values were set to 100 for graphing purposes. A two-sided Kruskal-Wallis test with a 
Benjamini-Hochberg post-test correcting for multiple comparisons was used to test for 
statistical differences between D614G and Omicron titers. P-values for significantly 
different features (p≤0.05) are shown; fold-change reduction of omicron titers compared 
to D614G are shown below each dataset. MFI, median fluorescence intensity. 
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Fig. 2. FcγR binding antibody profiles against SARS-CoV-2 VOCs vary across vaccine type. 
Individuals received the full dose regimen of the BNT162b2 mRNA vaccine (n = 11), mRNA-1273 vaccine 
(n=14), or the aluminum-adjuvanted inactivated particle vaccine CoronaVac (n=13). Samples were 
profiled 13 to 19 days after the last vaccine dose. Binding to FcγR2a, FcγR2b, FcγR3a, and FcγR3b of 
antibodies specific to the (A) RBD or (B) full-length spike protein of D614G, Alpha (B.1.1.7), Beta 
(B.1.351), Delta (B.1.617.2), or Omicron (B.1.1.529) were determined by a Luminex assay. The average 
value of technical replicates is shown. The data was corrected for background and negative values were 
set to 100 for graphing purposes. A two-sided Kruskal-Wallis test with a Benjamini-Hochberg post-test 
correcting for multiple comparisons was used to test for statistical differences between D614G-specific 
and Omicron-specific antibody activity. P-values for significant different features (p≤0.05) are shown; 
fold-change reduction of omicron binding activity compared to D614G is shown below each dataset. 
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Fig. 3. Vaccine induced binding titers correlate with FcγR 
binding across VOCs. The heatmaps show the Spearman 
correlation between the D614G or VOC (A) RBD-specific or (B) 
Spike protein-specific IgG1 titers and antibody binding to the 
respective FcγRs. The color indicates the correlation coefficient 
(r) as indicated by the color key. Asterisks indicate statistically 
significant correlations; *p≤0.05, **p≤0.01, ***p≤0.001, 
****p≤0.0001. 
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Fig. 4. Spike protein-specific, but not RBD-specific, Fc-mediated effector activity 
is preserved in samples from vaccinated individuals. Antibody-dependent NK cell 
activation (ADNKA) was assessed by CD107a expression, a marker of NK cell 
degranulation, on CD3-CD56+ NK cells. Samples were incubated with D614G (blue) or 
Omicron (red) Spike (S) protein (circle) or RBD (square) and samples from recipients 
of 1 of 3 vaccine platforms: BNT162b2 (n=11), mRNA-1273 (n=13), and CoronaVac 
(n=13). The assay was performed with three different NK cell donors and the average 
value of all donors is shown. A two-sided Kruskal-Wallis test with a Benjamini-
Hochberg post-test correcting for multiple comparisons was used to test for 
statistical differences between D614G and omicron. Significance was defined as 
p≤0.05 and only p-values for significantly different comparisons are shown. 
 


