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Abstract

Repeated mRNA SARS-CoV-2 vaccination has been associated with increases in the proportion of 1gG4
in spike-specific antibody responses and concurrent reductions in Fcy-mediated effector functions that
may limit control of viral infection. Here, we assessed anti-Spike total IgG, IgG1, IgG2, IgG3 and 1gG4,
and surrogate markers for antibody-dependent cellular phagocytosis (ADCP, FcyRIla binding), antibody-
dependent cellular cytotoxicity (ADCC, FcyRlIIla binding), and antibody-dependent complement
deposition (ADCD, C1q binding) associated with repeated SARS-CoV-2 vaccination with NVX-
CoV2373 (Novavax Inc., Gaithersburg, MD). The NVX-CoV2373 protein vaccine did not induce notable
increases in spike-specific IgG4 or negatively impact surrogates for Fcy effector responses. Conversely,
repeated NVX-CoV2373 vaccination uniquely enhanced IgG3 responses which are known to exhibit
strong affinity for FcyRIIla and have previously been linked to potent neutralization of SARS-CoV-2.
Subsequent investigations will help to understand the immunological diversity generated by different

SARS-CoV-2 vaccine types and have the potential to reshape public health strategies.

Introduction

The four unique subclasses of human IgG, numbered in order of relative abundance, include IgG1, IgG2,
IgG3, and IgG4'2. IgG1 and IgG3 are the major contributors to rapid IgG responses to protein and
membrane antigens, and are active in viral neutralization, although some differences in IgG subclass
responses have been identified in the context of SARS-CoV-2 infection and vaccination. Indeed, IgG3
response to SARS-CoV-2 infection has been highlighted by an analysis of convalescent plasma, showing
that while IgG3 accounted for 12% of total anti-Spike (anti-S) protein IgG, it contributed to
approximately 80% of total live SARS-CoV-2 neutralizing activity®. In addition, IgG1, and especially
IgG3, bind FcyRIla, FcyRIlla and C1q, thereby supporting antibody-dependent cellular phagocytosis
(ADCP), antibody-dependent cytotoxicity (ADCC), and antibody-dependent complement deposition

(ADCD).
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Repeated mRNA SARS-CoV-2 vaccination has been associated with significant increases in the
proportion of immunoglobulin G4 (IgG4) in spike-specific responses and reductions in Fc-mediated
ADCP and ADCD that may limit control of viral infection*®. After repeated mRNA SARS-CoV-2
vaccination, IgG3 was observed to reach peak titers after a second dose, and steadily declined thereafter
to significantly lower levels after the third and fourth dose vaccinations, while IgG4 increased’. IgG4 is
generally in low abundance (0-5% of total IgG) but may slowly increase over time due to repeated or
excessive exposure to some antigens’>®. Although repeated antigen exposure seems necessary, it is
insufficient to induce IgG4, as prolonged activation of IL-10—expressing CD4" T-cells or expression of
other anti-inflammatory cytokines is also necessary'. Increased concentrations of IgG4 have been
associated with immunosuppression and poor clinical outcomes of COVID-19, and while generally
regarded as anti-inflammatory, may contribute to some autoimmune disorders and inflammatory IgG4-
related diseases'®. Following repeated mRNA vaccination, IgG4 was observed to increase from 0.04% of

total SARS-CoV-2 spike—specific I1gG after two doses to 19.27% after three doses*.

Methods

We assessed 1gG subclass and Fc effector function profiles following repeated vaccination with the
recombinant Spike (rS) protein SARS-CoV-2 vaccine (NVX-CoV2373, Novavax, Inc.) in comparison to a
single rS vaccination following repeated mRNA vaccinations. Serum concentrations of anti—ancestral
(Wuhan) rS—specific total IgG, IgG1, IgG2, IgG3, and IgG4, and surrogate ADCP (FcyRlIla binding),
surrogate ADCC (FcyRIlla binding), and ADCD (C1q binding) were measured. Participant sera from
studies 2019nCoV-307 (ClinicalTrials.gov: NCT05463068) and 2019nCoV-301 (ClinicalTrials.gov:
NCT04611802) were included in the analysis; two groups from 2019nCoV-307 who received three
homologous doses of Moderna (mRNA-1273, n = 10) or Pfizer (BNT162b2, n = 10) mRNA vaccine
followed by one dose of NVX-CoV2373, and a third group from 2019nCoV-301 who received four
homologous doses of Novavax (n = 18). Serum was collected >6 months after the last dose for

homologous three-dose series and ~4 weeks after the fourth-dose for the four-dose series.
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Anti-S proteins IgG1, IgG2, 1gG3, and 1gG4, and total anti-S IgG were measured for each serum sample
by IgG subclass quantitative enzyme-linked immunosorbent assay (ELISA). SARS-CoV-2 rS proteins
(produced at Novavax, Inc., Gaithersburg, MD, USA) were used to coat ELISA plates. The reference
standards for ELISA were as follows; SARS-CoV-2 Spike RBD human IgG monoclonal antibody (Acro
Biosystems, Cat# RAS009-C02) for total IgG, anti-SARS-CoV-2 Spike RBD human IgG1 monoclonal
antibody (Acro Biosystems, Cat# SPD-M265) for IgG1, anti-SARS-CoV-2 spike RBD human IgG2
monoclonal antibody (Acro Biosystems, Cat# SPD-M400a), anti-SARS-CoV-2 spike RBD human [gG3
monoclonal antibody (Acro Biosystems, Cat# SPD-M401a), and anti-SARS-CoV-2 Spike RBD human
IgG4 monoclonal antibody (Acro Biosystems, Cat# SPD-M402a) for IgG4. To determine ADCP, ADCC,
and ADCD, surrogate SARS-CoV-2—specific antibody Fc functional assays were performed as previously
described 9. The surrogate Fc multiplex assays have been shown to correlate strongly with cell-based
ADCP and ADCC functional assays’. Briefly, SARS-Cov-2 spike trimer (SinoBiological Cat# 40589)
coupled multiplex beads, were used to profile antigen-specific FcyR activation or C1q (complement)
deposition as a high-throughput surrogate to assess ADCP by soluble FcyRIla dimer binding, ADCC by
soluble FcyRlIlIla dimer binding (both expressed in house at University of Melbourne) or ADCD by Clq

binding (MP Biomedicals, Irvine, CA, USA).

Results

Total anti-S IgG and IgGl1 levels following three homologous doses of mRNA or NVX-CoV2373 were
similar, although NVX-CoV2373 induced somewhat higher levels, and the fourth dose of NVX-CoV2373
led to increased responses in each group (Fig. 1A). Compared with recipients of prior mRNA vaccine,
anti-S IgG3 levels were markedly higher (>10-fold) after three or four homologous doses of NVX-
CoV2373. By contrast, much higher anti-S 1gG4 levels (>75-fold) were observed following repeated
mRNA vaccination, but not after three or four homologous doses of NVX-CoV2373 (Fig. 1A). The fourth

dose of NVX-CoV2373 also appeared to enhance surrogate signals for ADCP, ADCC, and ADCD
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activities in recipients of prior mRNA vaccine, though the effect was greater after a fourth homologous

dose of NVX-CoV2373 (Fig. 1B).

Discussion

The clinical importance of SARS-CoV-2—specific Fc-mediated responses (i.e., ADCP, ADCD, and
ADCC), which are poorly engaged by IgG4, is rapidly gaining appreciation*®®1°, Fcy-dependent effector
functions can provide additional mechanisms for virus control to complement neutralization, and these
may be important for the promotion of vaccine-mediated cross-protection to evolving SARS-CoV-2
variants'®. Here, we report that the NVX-CoV2373 protein vaccine does not appear to induce notable
increases in IgG4, even after multiple exposures, or impair Fcy-dependent effector responses as observed
with mRNA vaccines. Instead, NVX-CoV2373 drove proportional increases in IgG3, perhaps the most
potent SARS-CoV-2 neutralizing antibody subclass®, and enhanced surrogate ADCP, ADCD, and ADCC
activity. The impact of additional doses with updated mRNA and protein-based XBB.1.5 formulation
vaccines is currently under study and represents a potentially important area for future COVID-19 vaccine
research. Ongoing investigations of these effects on IgG subclasses and cellular functions will help to

elucidate the immunological diversity generated by different SARS-CoV-2 vaccine platforms.
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Figure 1. IgG Subclass Serum Concentrations and Fc Effector Function Responses After Repeated
COVID Vaccination.

Randomly selected serum samples from COVID vaccine recipients included participants from 2019nCo V-
307 (ClinicalTrials.gov: NCT05463068) who received three homologous doses of Moderna (mRNA-
1273, blue, n = 10) or Pfizer (BNT162b2, teal, n = 10) mRNA vaccine followed by one dose of Novavax
(NVX-CoV2373), and from 2019nCoV-301 (ClinicalTrials.gov: NCT04611802) who received four
homologous doses of Novavax (purple, n = 18). Serum was collected >6 months after the last dose for
homologous three-dose samples (open circle) and ~4 weeks after fourth dose samples (filled circle). For
each vaccine type, the GMFR between the third and fourth doses is indicated in bolded text above the
fourth-dose data points. (A) Serum concentrations of anti—ancestral (Wuhan) rS—specific total IgG, IgGl,
and IgG4 were measured using quantitative ELISA and reported as GMT with 95% CI. One subject
(Moderna) was excluded due to a failed logic check. (B) ADCP, ADCC, and ADCD were analyzed using
previously described surrogate SARS-CoV-2 ancestral rS—specific antibody Fc functional multiplex
assays assessing median fluorescence intensity of FcyRIla, FcyRIIla, and C1q binding, respectively. One
subject (Novavax) was excluded due to missing data (x3 Dose + Novavax). SAS® 9.4 software (SAS
Institute Inc., Cary, NC), PROC SGPLOT was used to detect far-outliers based on the log-transformed
assay values, defined as Far-outliers = Observations > Q3 + 3*IQR or < Q1 — 3*IQR; none were found or
excluded. Abbreviations: ADCC, antibody-dependent cellular cytotoxicity; ADCD, antibody-dependent
complement deposition; ADCP, antibody-dependent cellular phagocytosis; CI, confidence interval; Clq
complement component 1q; ELISA, enzyme-linked immunosorbent assay; FcyRlIla, Fcy Receptor 1la;
FcyRlIlla, Fcy Receptor I1la; GMFR, geometric mean fold rise; GMT, geometric mean titer; IgG,

Immunoglobulin G; MFI, median fluorescent intensity; rS, recombinant spike protein; 3x, three-dose.
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