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Vaccination after SARS-CoV-2 infection increased antibody avidity against the Omicron variant
compared to vaccination alone
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Abstract

The SARS-CoV-2 Omicron variant has caused infections among individuals vaccinated or with prior
COVID-19, suggesting immune escape. Here, we showed a decrease in binding and surrogate
neutralizing antibody responses to the Omicron variant after two doses of the Pfizer COVID-19 mRNA
vaccine. Individuals recovered from infection before vaccination had higher antibody levels and avidity
to the Omicron variant compared to individuals vaccinated without infection. This suggested that
COVID-19 infection before vaccination elicited a higher magnitude and affinity antibody response to
the Omicron variant, and repeated exposure through infection or vaccine'may be required to improve

immunity to emerging SARS-CoV-2 variants.
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Background (Main 1664 words)

During the course of the COVID-19 pandemic, several variants of the original 2019 strain of
SARS-CoV-2 have emerged. Two recent variants of concern (VOC), Delta and Omicron have quickly
become dominant in the most wide-spread waves of infection globally [1]. The amino acid alterations in
the Alpha, Beta, Gamma and Delta VOCs were associated with increased viral transmissibility and only
modest escape from vaccine-induced immunity or therapeutic monoclonal antibodies [2]. The most
recent Omicron VOC (classified by WHO on November 26" 2021) has 26-32 mutations in the spike
protein, including 15 mutations in the receptor-binding domain (RBD){3]. These regions are often
targeted by neutralizing antibodies elicited by both vaccination and SARS-CoV-2 infection, and
observations that the Omicron variant is more likely to cause reinfection suggests the possibility of
immune escape [4-7]. Thus, there is an urgent need to determine whether the mutations in the Omicron
VOC impact humoral immunity in vaccinated individuals. Previously, we have shown that individuals
with prior SARS-CoV-2 infection have increased.magnitude and longevity of antibody responses after
vaccination compared with infection-naive vaccinated individuals [8-10]. Here, we determined the
levels of antibody activity and avidity to the original 2019 strain, and the Omicron variant of SARS-
CoV-2, after two doses of the BNT162b2 Pfizer COVID-19 mRNA vaccine. We compared individuals
with no history of prior SARS-CoV-2 infection and those who had recently recovered from infection
before vaccination.

Methods

Plasma samples collected four weeks after the second dose of the Pfizer BNT162b2 COVID-19
mRNA vaccine from individuals who had SARS-CoV-2 infection 30-60 days before initiating
vaccination (Convalescent-Vaccinated, n=43) and individuals who did not have previous SARS-CoV-2
infection (Vaccinated, n=128) were compared (Table S1). Samples were obtained in January-March
2021, prior to the emergence of the Omicron variant, and thus, natural SARS-CoV-2 infection was not

with the Omicron variant. Informed consent was obtained from all participants and the use of
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biospecimens was reviewed and approved by the Children’s Mercy Institutional Review Board
(STUDY00001670). We utilized a surrogate neutralizing antibody assay that allows indirect detection of
potential SARS-CoV-2 neutralizing antibodies in the blood through determination of plasma antibody
blocking of the binding of the SARS-CoV-2 RBD to the human host receptor angiotensin converting
enzyme 2 (ACE2) (SARS-CoV-2 Surrogate Virus Neutralizing Test Kit, Genscript; Supplemental
Appendix). This assay has been demonstrated to correlate significantly with SARS-CoV-2 primary or
pseudovirus neutralization assays, but has a shorter assay time and is more accessible to labs due to
reduced biosafety concerns [11, 12]. We used the RBDs derived from both the wild-type strain (2019-
nCoV) and the Omicron variant of SARS-CoV-2. A single 1:10 dilution of plasma was utilized for this
assay. A threshold of 30% blocking compared to control wells, with.no plasma antibodies, indicated
positive detection of surrogate neutralizing antibodies as recommended by the manufacturer.

Total IgG antibody binding was determined using enzyme-linked immunosorbent assay
(ELISA), where microtiter plates were coated with recombinant RBD proteins (Genscript) from the
2019-nCoV strain or the Omicron variant. Plasma was serially diluted (1:3) seven times beginning at a
1:30 dilution. Anti-human IgG<secondary antibody was used, and absorbance was measured at optical
density 450nm.

To measure-antibody avidity, the plasma dilution that resulted in binding optical densities of
around 2.5 was used, which corresponded to a 1:21870 dilution. Plates were coated with recombinant
RBD proteins (Genscript) from the 2019-nCoV strain or the Omicron variant. Plasma dilutions were
incubated-for 1 hour. The plates were then washed either with phosphate buffered saline (PBS) or 8M
urea in PBS for 5 minutes before being washed with PBS with 0.1% Tween 20. Wells were then
incubated with Goat anti-human IgG secondary antibody. SureBlue Reserve Microwell Substrate
(95059-294, VWR, Radnor, PA, USA) was added and incubated in the dark for 15 minutes. Absorbance

was measured at 450 nm immediately after 0.33 N HCI Acid Stop solution was added to the plate. The
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avidity index was calculated for each sample as the optical density ratio of the urea-washed to PBS-
washed wells (Supplemental Appendix).

Descriptive statistics and group differences were determined at each timepoint using a
nonparametric paired Wilcoxon-Mann-Whitney test that was corrected for multiple comparisons (False
Discovery Rate (FDR)). GraphPad prism (v9) was used to generate graphs and perform statistical tests.
Results

2019-nCoV RBD-ACEZ2 blocking antibodies were detected in all individuals after two doses of
the BNT162b2 COVID-19 mRNA vaccine in both the vaccinated (128/128 positive) and convalescent-
vaccinated groups (43/43 positive; Figure 1A). There was a significant decrease in blocking antibody
levels against the SARS-CoV-2 Omicron variant RBD in both.individuals without prior SARS-CoV-2
infection (7/128 positive) and in individuals recovered from:SARS-CoV-2 infection prior to the two-
dose vaccine regimen (32/43 positive; Figure 1A). Individuals who were convalescent before
vaccination had significantly higher levels of RBD-ACE2 blocking antibodies against the Omicron
variant (median: 40.36%; 32.88-59.36%, 95% CI) compared to vaccinated individuals with no history of
SARS-CoV-2 infection (median: 0.51%; 0.000-3.997%, 95% CI). This occurred despite the
impossibility of infection‘with.the Omicron variant due to the time of sampling.

We detected binding of immunoglobulin G (IgG) antibodies to both the 2019-nCoV and the
Omicron RBDs in a subset of convalescent-vaccinated (n=32) and vaccinated individuals (n=32; Figure
1B). There was.asignificant decrease (P<0.0001; Wilcoxon-Mann-Whitney), although still detectable,
in.the levelsof binding antibodies to the Omicron RBD compared to the 2019-nCoV RBD for both
vaccine groups. In the vaccinated group, the median area under the curve (AUC) was 10.05 for the
2019-nCoV RBD and 8.46 for the Omicron RBD. In the convalescent-vaccinated group the median
AUC was 10.77 for the 2019-nCoV RBD compared to 9.06 for the Omicron RBD (Figure 1B).
However, there was no significant difference in binding to either the 2019-nCoV or the Omicron RBDs

between convalescent-vaccinated and vaccinated individuals (Figure 1B). Thus, after two doses of the
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BNT162b2 COVID-19 vaccine there was a significant reduction in surrogate neutralizing antibodies and
overall binding antibodies against the Omicron RBD. Individuals with prior SARS-CoV-2 infection had
significantly higher levels of surrogate neutralizing antibodies against the Omicron variant compared to
those without SARS-CoV-2 infection, but no differences in the overall levels of binding antibodies were
observed between the two vaccine groups. This suggested that differences existed in the.quality of the
neutralizing antibody response in individuals with prior SARS-CoV-2 infection before vaccination.
Antibody avidity is a measure of the overall strength of the antibody-antigen interaction and is
often a reflection of antibody maturation and affinity. We measured the-avidity of the plasma anti-RBD
IgG against both the 2019-nCoV strain and the Omicron variant (Figure 2A). Convalescent-vaccinated
individuals had significantly (P<0.0001, Wilcoxon-Mann-Whitney) higher antibody avidity to the 2019-
nCoV RBD compared to the vaccinated individuals (median.60.97 avidity index and median 27.84
avidity index, respectively). Both groups showed a significant (P<0.0001, Wilcoxon-Mann-Whitney)
decrease in avidity to the Omicron RBD, but convalescent-vaccinated individuals had significantly
(P<0.0001, Wilcoxon-Mann-Whitney) higher antibody avidity to the Omicron RBD than the vaccinated
individuals (Figure 2A). Specifically, the median avidity index to the Omicron RBD for the
convalescent-vaccinated group was 36.12 compared to 18.94 for the vaccinated group. Antibody avidity
to the Omicron RBD significantly correlated (r=0.62, P=0.0002; Pearson) with the surrogate neutralizing
antibody levels for the convalescent-vaccinated individuals but not for the vaccinated group (Figure
2B). However,.antibody avidity for the 2019-nCoV RBD did correlate (r=0.41, P=0.02; Pearson) with
surrogate'neutralizing antibodies for the vaccinated group (Figure 2B). These data suggested that prior
SARS-CoV-2 infection, coupled with vaccination, elicited increased antibody avidity to both the 2019-
nCoV and the Omicron RBDs. Moreover, the increased avidity correlated with improved antibody

surrogate neutralization measures.
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Discussion

We found that individuals who had recovered from COVID-19 prior to SARS-CoV-2
vaccination with the Pfizer mRNA vaccine had increased levels of surrogate neutralizing antibodies and
increased antibody avidity when compared to individuals with no prior SARS-CoV-2 infection before
vaccination. The antibody levels were increased against both the vaccine-matched 2019-nCoV strain and
the Omicron variant that emerged after sample collection. Moreover, we found that antibody avidity
correlated with the levels of surrogate neutralizing antibodies. This suggested.that-individuals with prior
SARS-CoV-2 infection before vaccination could have increased neutralizing antibodies with higher
avidity against emerging variants of SARS-CoV-2.

Our results are consistent with recent reports showing significant humoral immune escape of the
Omicron variant from both vaccinated and convalescent serum antibodies [5, 7, 13]. Moreover, another
study has demonstrated escape of the Omicron variant from many of the neutralizing monoclonal
antibodies that were being utilized for therapy. [4]. These studies indicated that two doses of the
BNT162b2 mRNA vaccine may notbe sufficient to protect against infection with the Omicron variant,
despite prior SARS-CoV-2 infection. Here, we found significantly higher antibody avidity to both the
wild-type and Omicron RBDs for individuals with prior SARS-CoV-2 infection. This suggested that
SARS-CoV-2 infection before vaccination elicited a different quality of antibody response that resulted
in increased antibody immunity to SARS-CoV-2 variants. It remains unclear if natural SARS-CoV-2
infection was required for this increased avidity or if this could be achieved through repetitive
vaccination.” Two studies have recently demonstrated that a third vaccine dose increased antibody titers
to the Omicron variant [14, 15]. Therefore, repeated vaccination may lead to a broader antibody
response to SARS-CoV-2 that could protect from infection with future variants. It will be critical to
determine whether additional vaccine doses without infection could also boost antibody avidity. This
study stresses the urgent need to make vaccines available globally and to increase the uptake of vaccines

by the public in order to prevent generation of future variants that can escape humoral immunity. Future
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studies examining the antibody breadth and longevity against SARS-CoV-2 VOC will be required to
determine if repetitive boosting is the optimal strategy to protect against future variants.

While neutralizing antibodies are a critical layer of defense for immunity against SARS-CoV-2,
cross-reactive T cell and innate immune responses could have an impact on the severity of COVID-19,
reducing the hospitalization and mortality from infection. Multiple arms of the immune system may
need to be engaged in order to generate broad immunity to SARS-CoV-2 variants.
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Figure legends

Figure 1. Binding and surrogate neutralizing antibodies are reduced against SARS-CoV-2
Omicron variant. (A) Neutralization antibody proxy assay that determines the level of antibodies that
block binding of the spike protein receptor-binding domain to the human host receptor angiotensin-
converting enzyme 2 (ACE2), expressed as the percentage of binding that was blocked relative to a
control with no plasma (representing maximum binding). The assay threshold for positivity was 30%
indicating the presence of surrogate neutralizing antibodies. RBD from the original 2019-nCoV or RBD
from the SARS-CoV-2 VOC Omicron were utilized. Plasma samples were obtained after 2-doses of the
Pfizer COVID-19 mRNA vaccine from individuals with no history of infection before vaccination
(Vaccinated, blue; n=128) or recent history of SARS-CoV-2 infection before vaccination (Convalescent-
Vaccinated, red; n=43). Number of individuals above positive threshold displayed above graph. (B) 1gG
binding to the original 2019-nCoV or Omicron RBD measured by ELISA from plasmasamples were
obtained after 2-doses of the Pfizer COVID-19 mRNA vaccine from individuals with no history of
infection before vaccination (Vaccinated, blue; n=32) or recent history.of SARS-CoV-2 infection before
vaccination (Convalescent-Vaccinated, red; n=32). Binding shown as area under the curve (AUC). P
values determined using Wilcoxon matched-pairs signed rank test. Group median values displayed
above graph.

Figure 2. Prior infection before vaccination increased antibody avidity to SARS-CoV-2 RBD. (A)
IgG antibody avidity to the original 2019-nCoV or Omicron-RBD measured by ELISA from plasma
samples were obtained after 2-doses of the Pfizer COVID-19 mRNA vaccine from individuals with no
history of infection before vaccination (Vaccinated, blue;n=32) or recent history of SARS-CoV-2
infection before vaccination (Convalescent-Vaccinated, red; n=32). Avidity index is the ratio of optical
density in wells with Urea-PBS and PBS. P values determined using Wilcoxon matched-pairs signed
rank test for paired analysis and Wilcoxon-Mann-Whitney for intergroup analysis. Group median values
displayed above graph. (B) Graphs comparing antibody avidity to surrogate neutralizing antibody assay
levels. Pearson correlations were performed with Pearson r and p values (two-tailed) displayed on
graphs.
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