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ARTICLE INFO ABSTRACT

Article history: Vaccinated convalescents do not develop severe COVID-19 after infection with new SARS-CoV-2 vari-
Received 21 September 2023 ants. We questioned how messenger RNA (mRNA) vaccination of convalescents provides protection from
,I:E‘c”eseti;]1zogftzfer2%3z 3 emerging virus variants. From the cohort of 71 convalescent plasma donors, we identified a patient who

P developed immune response to infection with SARS-CoV-2 variant of 20A clade and who subsequently
received mRNA vaccine encoding spike (S) protein of strain of 19A clade. We showed that vaccination

Keywords: increased the production of immune cells and anti-S antibodies in the serum. Serum antibodies neutral-
SARS-CoV-2 ized not only 19A and 20A, but also 20B, 20H, 21J, and 21K virus variants. One of the serum antibod-
COVID-19

mRNA vaccination
Immune response
Neutralizing antibody

ies (100F8) completely neutralized 20A, 21], and partially 21K strains. 100F8 was structurally similar to
published Ab188 antibody, which recognized non-conserved epitope on the S protein. We proposed that
100F8 and other serum antibodies of the patient which recognized non- and conserved epitopes of the S
protein, could have additive or synergistic effects to neutralize various virus variants. Thus, mRNA vacci-
nation could be beneficial for convalescents because it boosts production of neutralizing antibodies with
broad-spectrum activity.
© 2023 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious
Diseases.
This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/)

Introduction

million cases of COVID-19 and almost 7 million related deaths
worldwide. Epidemiological studies and sequencing-based surveil-

In 2019, SARS-CoV-2 crossed the species barrier and infected lance revealed that the virus evolved to adapt to the new host and
the first person in China. Since then, there have been almost 700 evade the host immune response developed by previous infections
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with the virus and vaccinations [1]. The virus acquired mutations
in its genome which resulted in substitutions, insertions, and dele-
tions of amino acids in its proteins. Mutations in the viral spike (S)
protein were used to define viral clades, lineages, and variants of
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Figure 1. mRNA vaccination of COVID-19 convalescent patient boosted production of immune cells and antibodies neutralizing various SARS-CoV-2 variants. (a) Frequencies
of viral clades in Norway based on Nextstrain SARS-CoV-2 resources. Frequencies were colored by clades and normalized to 100% at each time point. (b) SARS-CoV-2
strains used in this study. (c) The hCoV-19/Norway/Trondheim-E9/2020 strain (moi 0.01) was incubated with 1:10 dilution of sera obtained from 72 patients recovered
from COVID-19, and one healthy blood donor. The mixtures were added to Vero-E6 cells. Cell viability was measured after 72 hours using CTG assay. Mean; n = 3. (d) The
hCoV-19/Norway/29450/2021 strain (clade 21K) (moi 0.01) was incubated with 1:10 dilution of sera obtained from four patients recovered from COVID-19. The mixtures
were added to Vero-E6 cells. Cell viability was measured after 72 hours using CTG assay. Mean; n = 3. (e) Graph showing the time of onset of COVID-19 symptoms, positive
polymerase chain reaction test, end of symptoms, blood sampling, and vaccination of donor #P9. (f) Indicated strains were incubated with different dilutions of serum
samples from patient #P9 patient. The mixtures were added to Vero-E6 cells. Cell viability was measured after 72 h using CTG assay. Mean; n = 3. Heatmap with area under
the dose-response curve scores (area under the curve) is shown. (g) Heatmap showing FC of specific immune cell populations of patient peripheral blood mononuclear cells
between T2, T3, T4, T5, T6, and T2 points measured by flow cytometry. (h) Heatmap showing FC of serum anti-spike antibody levels between T2, T3, T4, T5, T6, and T2 time
points measured by ELISA. (i) Heatmap showing FC of total serum IgA, IgG, and IgM levels between T2, T3, T4, T5, T6, and T2 time points. (j) Heatmap showing binding of
different dilutions of antibodies from ELISA-positive antibody minipool U6 and 100F8 antibody to spike protein of 21] strain measured by ELISA. (k) The indicated strains of
20A, 21J, and 21K clades (moi 0.01) were incubated with 1:10 dilution of cell culture supernatants containing 100F8 antibody, control 23G7 antibody (30 ng/ml) or PBS. The
mixtures were added to Vero-E6 cells. Cell viability was measured after 72 hours using CTG assay. Mean; n = 3. ** - P <0.001, * - P < 0.01 by t-test.

CTG, cell titer glo; ELISA, enzyme-linked immunosorbent assay; FC, fold changes; hCoV, human coronavirus; Ig, immunoglobulin; moi, multiplicity of infection; mRNA,
messenger RNA.

Considerable variation has been observed in composition and Case
titers of neutralizing antibodies among post-infected individu-
als [3,4]. The titers negatively correlated with time since infec- In Norway, the first COVID-19 outbreak began in February 2020
tion allowing new virus strains to reinfect after 6-12 months with virus of 19A clade followed by outbreaks associated with
and cause COVID-19 again [5]. Vaccination reduced the risk of viruses of 20A-E, 201 (Alpha VoC), 21] (Delta VoC), and 21K, 22B,
COVID-19-related mortality; however, the effectiveness of vac- 22C, 22E, and 23A (Omicron VoC) clades (Figure 1a, Figure S1) [9].
cines has also declined with time and the advent of new We examined capacity of 72 serum samples collected from con-
VoCs [6]. valescent patients in 2020 in Norway to neutralize human coro-

It has been shown that people who were both infected and re- navirus (hCoV)-19/Norway/Trondheim-E9/2020 strain of 20B clade
ceived messenger RNA (mRNA) vaccination did not develop severe which is almost identical to parental hCoV-19/Wuhan-Hu-1/2019
COVID-19 after infection with new virus variants [7,8]. Here we strain (19A; Figure 1b, Figure S1) [4]. Approximately half of the
questioned how mRNA vaccination of convalescents provided pro- samples neutralized the strain and protected Vero-E6 cells from
tection against severe COVID-19 regardless of virus variant. virus-mediated death (Figure 1c).
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We noticed that serum samples from patients #19, #23, #40,
and #P9 efficiently neutralized hCoV-19/Norway/Trondheim-
E9/2020 strain. We collected three follow-up samples from each of
the patients with a sampling interval of approximately 1-3 weeks.
(Figure 1le, Figure S2). We tested neutralization capacity of these
and initial sera against genetically engineered mCherry-expressing
hCoV-19/Wuhan-Hu-1/2019 (clade 19B), hCoV-19/Norway/P9/2020
(clade  20A), hCoV-19/Netherlands/NoordHolland-10159/2021
(clade 20H), hCoV-19/Norway/11421/2021 (clade 21]), and hCoV-
19/Norway/29450/2021 (clade 21K). The serum samples efficiently
neutralized all strains except for the 21K (Omicron variant;
Figure 1d, Figure S2). The serum samples from patient #P9 had
the lowest neutralizing capacity for 21K strain.

The low neutralization capacity of the serum sample of
patient #P9 toward 21K strain could be attributed to the sub-
stantial mismatch between sequences of S protein of hCoV-
19/Norway/P9/2020, which infected patients in 2020 and
hCoV-19/Norway/29450/2021, which emerged in 2021. hCoV-
19/Norway/29450/2021 had nine substantial amino acid substi-
tutions (T93I, G140D, N206I, S368L, S370P, S372P, E481A, N498Y,
and P678H), VYY deletion at position 141-143, and RE and LLA
insertions at positions 206-207 and 238-240, respectively (Figure
S1).

Patient #P9 received first dose of Pfizer/BioNTech BNT162b2
mRNA vaccine in February 2021, 4 months after recovery from
hCoV-19/Norway/P9/2020 infection (Figure 1e). The differences be-
tween patient- and the vaccine-encoded S proteins are K986P and
V987P substitution and HV deletion at positions 68-69 (Figure S1).
Despite this difference, the vaccination boosted neutralization ca-
pacity of serum against 21K variant and other tested SARS-CoV-
2 strains several folds according to area under the curve scores
(Figure 1f, Figure S3).

We analyzed serum and peripheral blood mononuclear cell
samples from patient #P9 collected before (T2-T5) and after vac-
cination (T6). We observed substantial increase in clusters of dif-
ferentiation (CD4/CD8) T-cells, B-cells, and plasmablasts after vac-
cination (Figure 1g). We also observed ~200-fold increase in anti-
S antibody production (Figure 1h). We did not detect substantial
changes in total immunoglobulin (Ig)A, IgM, IgG, total protein lev-
els (Figure 1i), specific cytokines, and growth factors (Figure S4).
Altogether, these results indicate that vaccination after COVID-19
boosted production of immune cells, which produced broadly neu-
tralizing antibodies.

To obtain broadly neutralizing antibodies we collected periph-
eral blood mononuclear cells from patient #P9 3 months after
vaccination (T7; Figure 1e). For this, we enriched B cells express-
ing antibodies against the S1-domain of S-protein and cloned the
antibody-expressing genes using the HybriFree technology (Figure
S5) [10]. Antibody library pools and single clones were generated
in the higG1 framework, expressed in the CHO cell line, and tested
for antigen binding by enzyme-linked immunosorbent assay. Anti-
body 100F8 from minipool U6 efficiently interacted with S1 pro-
tein of 21] variant (Figure 1j). The antibody completely neutralized
parental 20B, and 21] strains, as well as partially neutralized 21K
strains. By contrast, 99S8 antibody from the same patient and con-
trol antibody 23G7, which we cloned preciously from 20A-infected
patients, did not neutralize 20K variant (Figure 1k; Figure S6)
[11]. We sequenced full-length heavy and light chains of antibody
100F8. The Basic Local Alignment Search (BLAST) found regions of
local similarity between 100F8 and other SARS-CoV-2 neutralizing
antibodies, such as Ab188 (Figure S5) [12]. Ab188 recognized non-
conserved region on the receptor-binding domain of S protein (Fig-
ure S7) but neutralized Omicron variant [12]. Since other serum
antibodies can recognize conserved epitopes on the S protein and
can have additive or synergistic effects with 100F8/Ab188, together
they could neutralize previous and emerging virus variants. Thus,
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our results suggest that patient #P9 developed broadly neutralizing
antibodies after infection with 20A strain and vaccination with an
mRNA vaccine encoding S protein derived from hCoV-19/Wuhan-
Hu-1/2019 strain.

Discussion

In this retrospective case study, we showed that mRNA vac-
cination of convalescent patients boosted production of immune
cells and broadly acting antibodies, which could provide protection
against various SARS-CoV-2 variants. Clearly, there are limitations
to the study. Most obvious that only one convalescent vaccinated
individual and one antibody were selected for in-depth analysis.
However, similar studies with more volunteers and broad range of
antibodies are available to strengthen our conclusions [12].

Our previous epitope-resolved profiling of the SARS-CoV-2 an-
tibody response identified cross-reactivity with endemic human
coronaviruses [13]. In particular, it revealed that some antibodies
can cross-recognize conserved S2 region of S proteins of endemic
and pandemic viruses. Perhaps, vaccination with endemic coron-
avirus vaccines early in SARS-CoV-2 outbreak could induce produc-
tion of broadly acting antibodies, and thus could reduce morbidity
and mortality, decrease hospitalization time and treatment costs,
and prevent viral spread. This indicates the importance of devel-
oping vaccines against emerging and re-emerging human viruses
to slow down the next epidemic and pandemic.

Conclusion

Corona and other zoonotic viruses re-surface regularly. Vaccina-
tion remains the main way to prevent severe viral diseases. Even
if a patient recovers from the infection, vaccination can boost the
immune response and protect people from reinfection with new
variants of the virus. We showed that this is achieved through in-
creased production broadly acting antibodies, which could recog-
nize conserved and variable epitopes of the virus surface proteins.
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