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ABSTRACT

Introduction: It is unclear whether induced spike protein-specific antibodies due to infections with SARS-CoV-2 or
to the prototypic Wuhan isolate-based vaccination can immune-react with the emerging variants of SARS-CoV-2.
Aim/objectives: The main objective of the study was to measure the immunoreactivity of induced antibodies
postvaccination with Covishield™ (ChAdOx1 nCoV-19 coronavirus vaccines) or infections with SARS-CoV-2 by
using selected peptides of the spike protein of wild type and variants of SARS-CoV-2.

Methodology: Thirty patients who had recovered from SARS-CoV-2 infections and 30 individuals vaccinated with
both doses of Covishield™ were recruited for the study. Venous blood samples (5 mL) were collected at a single time
point from patients within 3-4 weeks of recovery from SARS-CoV-2 infections or receiving both doses of Covishield™
vaccines. The serum levels of total immunoglobulin were measured in both study groups. A total of 12 peptides of
10 to 24 amino acids length spanning to the receptor-binding domain (RBD) of wild type of SARS-CoV-2 and their
variants were synthesized. The serum levels of immune-reactive antibodies were measured using these peptides.
Results: The serum levels of total antibodies were found to be significantly (p<0.001) higher in the vaccinated
individuals as compared to COVID-19 recovered patients. Our study reported that the mutations in the RBD at the
residues K417, E484, and N501 have been associated with reduced immunoreactivity with anti-sera of vaccinated
people and COVID-19 recovered patients.

Conclusion: The amino acid substitutions at the RBD of SARS-CoV-2 have been associated with a higher potential
to escape the humoral immune response.
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Introduction

The coronavirus disease 2019 (COVID-19) pandemic
caused significant global impact and continues to be a threat
despite the introduction of vaccines (1,2). The vaccines have
been highly effective in preventing COVID-19 around the
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world (3). Globally, the COVID-19 pandemic is still producing
a significant amount of illness and mortality (4). According
to current knowledge, mildly symptomatic people represent
around 80% of all instances of COVID-19, which can range in
severity from asymptomatic to deadly pneumonitis (5). The
virus can cause a range of symptoms, from mild to severe,
and can be transmitted through the respiratory tract (6). It
has significant impacts on at-risk patients and the health-
care system, including high costs, loss of human resources,
and psychological problems (7). COVID-19, caused by severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2),
enters human cells by binding the receptor-binding domain
(RBD) of its spike (S) protein to the angiotensin-converting
enzyme 2 (ACE2) receptor (8,9). Antibodies directed against
the S-protein have the potential to neutralize the virus effi-
ciently (10). Since the first case of SARS-CoV-2 in Wuhan,
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China, over 774 million infections have been documented,
leading to the emergence of seven major lineages with vari-
ous variants (11,12). Coronaviruses have a large RNA genome
and mutations can arise naturally during replication, leading
to evolutionary advantages such as increased infectivity or
improved receptor binding (13). The Omicron variant of SARS-
CoV-2 has 30 non-synonymous amino acid mutations in the
spike protein, which have been reported to enable immune
evasion and reduce vaccine effectiveness (14). Variants of
concern (VOCs), such as B.1.1.7, B.1.1.298, B.1.429, P.2, P.1,
and B.1.351, have mutations that can increase transmissibil-
ity, virulence, or evade immune responses (15,16). These
variants mainly have mutations in the spike protein, particu-
larly in the S1 and RBD regions, which are the main targets of
neutralizing antibodies.

Twelve vaccines have been approved for use in humans
since the first reported case of SARS-CoV-2 in December
2019, with high efficacy in preventing COVID-19 (17).
However, the emergence of new variants has raised con-
cerns about the effectiveness of these vaccines, with some
trials showing reduced efficacy against variant strains in
certain countries (18). The emergence of VOCs with muta-
tions in the S-protein raises concerns about immune eva-
sion. Some VOCs, such as B.1.1.7 and B.1.351, have shown
reduced susceptibility to neutralizing antibodies, but the
immunoreactivity of induced antibodies after vaccination
with individual’s mutations occurred in the RBD in VOCs is
not well understood (15,19). The study focuses on under-
standing the humoral immune responses to SARS-CoV-2 in
COVID-19 convalescent donors and vaccine recipients. This
study investigated the levels of SARS-CoV-2 spike protein-
specific total antibodies in a cohort of individuals who have
received both doses of Covishield™ vaccine (vaccinated
group) and patients who have recovered from SARS-CoV-2
infections (recovered group). The aim of the study was to
compare the immunoreactivity of peptides of wild-type
SARS-CoV-2 and peptides of mutated SARS-CoV-2 with anti-
sera of vaccinated people and COVID-19 recovered patients
to understand the effectiveness of vaccination and potential
immune evasion strategies.

Materials and methods

Sample size and study groups

A total of 60 individuals of age 218 years (30 patients
recovered from COVID-19 infections, 30 received both
doses of Covishield™ vaccine) were recruited in the pres-
ent study. COVID-19 recovered patients of both sexes who
had not received any COVID-19 vaccines were recruited for
the COVID-19 recovered group, while age-matched individu-
als without previous history of SARS-CoV-2 infections who
have received both doses of Covishield™ were recruited for
the vaccinated group. Patients on immunotherapy or having
any kind of organ transplantations or immunocompromised
patients (patients with human immunodeficiency virus [HIV]
infection, autoimmunity, chronic kidney disease [CKD], and
any other immunodeficiency diseases) were excluded from
the study. This study was approved by the Institute Ethics

© 2024 The Authors. Published by AboutScience - www.aboutscience.eu

Drug Target Insights 2024; 18: 21

Committee (IEC), All India Institute of Medical Sciences,
Raipur, Chhattisgarh, India (1936/IEC-AIIMSRPR/2021). The
completely filled up and signed written consent form was
obtained from each participant before taking the blood sam-
ple for the study.

Disease severity

Patients who tested positive for SARS-CoV-2 infection by
reverse transcriptase-polymerase chain reaction (RT-PCR) and
got admitted to the Institute from October 2021 to December
2022 wereincluded in the study. COVID-19 recovered patients
were divided into severe and mild groups: severe cases were
defined as those requiring invasive mechanical ventilation or
high-flow nasal oxygen, and mild cases as neither requiring
oxygen nor in-patient hospital care.

Sample collection

A total of 5 mL whole blood sample was collected in a
plain vial by venipuncture within 3 to 4 weeks of recovery
from COVID-19 infections, while the same amount of blood
sample was collected within 3 to 4 weeks postvaccination
with both doses of Covishield™. The serum was collected to
measure the levels of total antibodies and immunoreactivity
of antibodies with selected peptides of spike protein of wild
type and variants of SARS-CoV-2.

Serum isolation

The blood samples collected in the plain vial were kept for
30 minutes for clotting. After that, it was centrifuged at 1,500
rom for 10 minutes at 4°C. The resulting supernatant called
serum was separated into fresh Eppendorf tubes and stored
at —80°C till further use.

Determination of serum levels of total antibodies

The serum levels of total antibodies (immunoglobulin, Ig)
were measured in the collected serum samples of the vac-
cinated individuals and COVID-19 recovered patients. Human
SARS-CoV-2 spike (trimer) Ig total enzyme-linked immuno-
sorbent assay (ELISA) kit (Invitrogen, ThermoFisher Scientific)
was used for the estimation of total immunoglobulins as per
recommended standard protocol. Ten healthy serum samples
collected before 2019 were used as controls to investigate
the specificity and sensitivity of ELISA kit.

Peptide synthesis and purification

A total of 12 peptides (six for the wild-type Wuhan
isolates and six for the SARS-CoV-2 variants) of RBD of
the spike protein were selected based on the available
sequence of SARS-CoV-2 through UniPort software. These
peptides were commercially synthesized and obtained to
test the antibody responses. The peptides P1, P3, P5, P7,
P9, and P11 matched with wild-type SARS-CoV-2 sequence,
while peptides P2, P4, P6, P8, P10, and P12 matched with
variants of SARS-CoV-2 (Tab. 1). The peptides P1 and P2
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TABLE 1 - List of the peptides of the RBD from wild type and SARS-CoV-2 variants

S.No Peptides Sequences of amino acids in Sequence Mutating sites VOoC/wild type
the RBD of SARS-CoV-2 number
1 P1 APGQTGKIADYNYK 411-424 K417 Wild
2 P2 APGQTGNIADYNYK 411-424 417N Common site of mutation for Delta and Omicron
3 P3 TEIYQAGSTPCNGV 470-483 S477, T478 Wild
4 P4 TEIYQAGNKPCNGV 470-483 477N, 478K Common site of mutation for Delta and Omicron
5 P5 PCNGVEGFNCYFPL 479-492 EA84 Wild
6 P6 PCNGVAGFNCYFPL 479-492 484A Common site of mutation for Delta and Omicron
7 P7 PLQSYGFQPTNGVG 491-504 N501 Wild
8 P8 PLQSYGFQPTYGVG 491-504 501Y Common site of mutation for Delta and Omicron
9 P9 WNSNNLDSKVSGNYN 436-450 N440, G446 Wild
10 P10 WNSNKLDSKVSGNYN 436-450 440K, 446S Omicron
11 P11 YFPLQSYGFQPTNGVGYQPYR  489-509 Q493, G496, Q498,  Wild
N501, Y505
12 P12 YFPLRSYSFRPTYGVGHQPYR  489-509 493R, 4968, 498R, Omicron
501Y, 505H
RBD = receptor-binding domain; VOC = variants of concern.
The sites of amino acid variations in the peptide sequences are highlighted in bold.
represent wild-type and mutated SARS-CoV-2, respectively. Statistical analysis

Both peptides P1 and P2 have same number of amino acids
and same sequences of amino acids (411-424), but differ
from each other at single amino acid residue at position
417. Likewise, peptides P3 and P4 have same amino acid
sequence and length (470-483), but differ from each other
at two residues at positions 477 and 478 in wild-type and
mutated SARS-CoV-2, respectively. The peptides P5 and P6
show wild-type and mutated SARS-CoV-2, respectively, at
residue 484. Both peptides have a single amino acid dif-
ference at residue 484. Similarly, peptides P7, P9, P11 of
wild-type SARS-CoV-2 and peptides P8, P10, and P12 of
SARS-CoV-2 variants have same length and sequence of
amino acids, but differ from one another by one or more
than one amino acid (Tab. 1).

Direct binding assay

To check the immunoreactivity of peptides with SARS-
CoV-2 anti-sera and vaccine anti-sera, direct binding assay
was performed using standard ELISA protocol. The ELISA
plate was coated with individual peptides (200 ng/well)
of spike protein. After blocking and washing SARS-CoV-2
anti-sera and vaccine anti-sera were added at a dilution
of 1:200 onto the ELISA plate and incubated at 37°C for
2 hours. After washing, anti-human IgG antibody conju-
gated with horse radish peroxidase (HRP; 1:200 dilutions)
was added and incubated for 1 hour at 37°C. Washing step
was repeated after incubation and 100 pL/well substrate
solution (TMB) was added. The color was developed within
10-15 minutes. The color reaction was stopped by adding
50 uL/well of 2N H_SO,. The plate was read at 450 nm in
the ELISA reader.

Data visualization was performed via GraphPad Prism
version 8.0 (GraphPad software, San Diego, CA, USA) and
STATA 12 (STATA software, Chicago, USA) for Windows 10.0.
Result was expressed as mean and standard deviation (SD)
for normal distribution, or median and interquartile range
for skewed distribution. For two-group analysis, we used the
Mann-Whitney U-test for continuous variables. The level of
significance (p-value) in the mean antibody titer was com-
pared and analyzed with the Student’s t-test.

Results

Clinical and demographic details

The study analyzed 30 COVID-19 recovered subjects and
30 individuals vaccinated with both doses of Covishield™.
The clinical and demographic details are shown in Table 2.
The median age of the COVID-19 recovered patients was 48.5
years, with a range of 23 to 76 years, while the median age of
vaccinated group was 45 years, with a range of 18 to 74 years.
The distributions of patients based on their age <65 years and
>65 years in both groups are shown in Table 2. Out of the par-
ticipants, 33.33% and 40% females were found in COVID-19
recovered group and vaccinated group, respectively. Based on
disease severity, COVID-19 recovered patients were divided
into severe and mild groups. Out of the COVID-19 recovered
patients 43.33% were severe and required intensive care unit
(ICU) support in the hospital. The most prevalent comorbidi-
ties among the COVID-19 recovered patients were obesity
(26.67%), diabetes (23.33%), and hypertension (6.67%), and
some of the patients required intensive care and intubation
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TABLE 2 - Clinical and demographic details of COVID-19 recov-
ered patients and individuals who have received both doses of
Covishield™

Characteristics COoVID-19 Individuals
Recovered vaccinated with
patients both doses of
(n=30) Covishield™ (n = 30)
Age
Median (IQR) 48.5 (23-76) 45(18-74)
<65 years (%) 21(70) 18 (60)
65+ years (%) 9(30) 12 (40)
Female (%) 10(33.33) 12 (40)
Severity
Severe (%) 13(43.33) NA
Mild (%) 17(66.67) NA
Hospitalized, no ICU (%) 17 (66.67) NA
Hospitalized, required ICU (%)  13(43.33) NA
Died due to COVID-19 (%) 0(0) NA
Preexisting conditions
No underlying disease 11(36.67) 24 (80)
Hypertension 2(6.67) 2 (6.67)
Diabetes 7(23.33) 1(3.33)
Obesity 8(26.67) 2 (6.67)
Hypothyroidism 2(6.67) 0

ICU = intensive care unit; IQR, interquartile range.

due to the severity of their condition. Obesity, hypertension,
and diabetes were the most common comorbidities observed
in the patients who required ICU support.

Serum levels of total antibodies in COVID-19 recovered
patients and vaccinated individuals

The sensitivity and specificity of human SARS-CoV-2
spike (trimer) lIg total ELISA kit (/nvitrogen; ThermoFisher
Scientific) were tested by the serum sample collected before
2019 as a control. SARS-CoV-2 spike protein-specific total
antibodies were measured 3-4 weeks after the recovery
from SARS-CoV-2 infections and after receiving the second
dose of Covishield™ vaccine. The median (IQR) serum lev-
els of SARS-CoV-2 spike-specific total antibodies were found
to be 1275 U/mL (650-2000 U/mL) and 2100 U/mL (1300-
3000 U/mL) in COVID-19 recovered patients and vaccinated
individuals, respectively. The serum levels of total antibod-
ies were found to be significantly (p<0.001) higher in the
vaccinated individuals as compared to COVID-19 recovered
patients (Fig. 1).

Immunoreactivity of peptides with anti-sera of vaccinated
and COVID-19 recovered patients

The individual peptides (P1, P3, P5, P7, P9, and P11) of
wild-type SARS-CoV-2 and peptides (P2, P4, P6, P8, P10, and
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FIGURE 1 - Serum levels of SARS-CoV-2 spike protein-specific total
immunoglobulins (Ig) within 3-4 weeks of recovery from SARS-CoV-2
infections from the hospital (n = 30) and 3-4 weeks after receiving
the second dose of Covishield™ vaccine.

P12) were coated in the high-binding microtiter plate to
assess the immunoreactivity with anti-sera obtained from
vaccinated people and COVID-19 recovered patients. The
immunoreactivity of peptides with antibodies was observed
by taking the optical density (OD) at 592 nm. The difference
in the OD value with corresponding peptides of wild types
and mutated peptides was reported. The significant (p<0.05)
difference in the immunoreactivity of peptides of wild type
(P1, P5, P7) with peptides (P2, P6, P8) of mutated SARS-CoV-2
is reported in Figure 2. As compared to wild-type peptide
sequence (P1), the mutated peptide sequence (P2) has single
amino acid mutation in the RBD at position 417, which signifi-
cantly reduced the immunoreactivity with anti-sera of vac-
cinated people and COVID-19 recovered patients (Fig. 2A).
Likewise, the peptide sequence (P6) has a single amino acid
mutation at residue 484 in the RBD of SARS-CoV-2, which sig-
nificantly (p<0.05) reduced the immunoreactivity with anti-
sera of vaccinated people and COVID-19 recovered patients
(Fig. 2B). Similar to the mutated peptide sequences P2 and
P6 of SARS-CoV-2 variants, the peptide sequence (P8) has sin-
gle amino acid mutation in the RBD at the residue 501. This
mutation also reduced the immunoreactivity with anti-sera
of the vaccinated people and COVID-19 recovered patients
(Fig. 2C). Finally, we have tested the immunoreactivity of
peptide pools (P1, P5, and P7) of wild-type SARS-CoV-2 and
peptide pools (P2, P6, and P8) of SARS-CoV-2 variants with
the anti-sera of vaccinated people and COVID-19 recovered
patients. Our finding showed a significant (p<0.05) reduction
in immunoreactivity of anti-sera of vaccinated and COVID-19
recovered patients with peptide pools of SARC-CoV-2 vari-
ants (Fig. 2D). The amino acid mutations in the RBD of SARS-
CoV-2 variants at residues 477, 478 for peptide sequence P4
and at residues 400, 446 for peptide sequence P10 did not
reduce the immunoreactivity with anti-sera of vaccinated
people and COVID-19 recovered patients (Supplementary
figure 1, a and b). However, the mutated peptide sequence
(P12) of SARS-CoV-2 variants has five amino acid mutations
at residues 493, 496, 498, 501, and 505, which reduced the
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FIGURE 2 - Immunoreactivity
of peptides (P1, P5, P7) of wild-
type SARS-CoV-2 and peptides
(P2, P6, P8) of SARS-CoV-2
variants with anti-sera obtai-
ned from healthy individuals
vaccinated with both doses
of Covishield™ (n = 30) and
COVID-19 recovered patients
from the hospital (n = 30). A,
B, and C. The immunoreactivi-
ty of anti-sera with each pep-
tide (P1, P5, P7) of wild-type
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immunoreactivity with anti-sera of vaccinated people and
COVID-19 recovered patients. But, it was found to be compa-
rable (p>0.05) (Supplementary figure 1c).

Finally, our study reported that the mutations in the RBD
at the residues K417, E484, and N501 in SARS-CoV-2 vari-
ants have been associated with reduced immunoreactivity
with anti-sera of vaccinated people and COVID-19 recov-
ered patients (Fig. 2). The amino acid substitutions at K417,
E484, and N501 residues significantly reduced antibody bind-
ing with polyclonal serum antibodies obtained from people
who have recovered from COVID-19 and also vaccinated
with ChAdOx1 nCoV-19 vaccines. The findings indicate that
vaccination may result in a decreased long-term antibody
response to Beta and Omicron RBDs, highlighting the chal-
lenges in neutralizing these variants with the existing anti-
body response induced by vaccination.

Discussion

We analyzed the antibody response against SARS-CoV-2
spike protein using blood samples collected at least 3-4
weeks after recovery from nonvaccinated individuals who
had recovered from COVID-19. The serum levels of total
antibody were compared with individuals who had received
both doses of Covishield™. The findings of the present study
showed the significant rise in the levels of total antibody
after 3-4 weeks of recovery from SARS-CoV-2 infections and
after receiving both doses of Covishield™ (ChAdOx1 nCoV-
19 coronavirus vaccines). The raised level of total antibody
titer was found to be significantly higher in vaccinated people

A

Vaccinated

Recovered

compared to nonvaccinated people who have recovered
from SARS-CoV-2 infections. Several studies have reported a
significant rise in serum levels of total antibodies postvacci-
nation with Covishield™ in healthy individuals (20,21). Few
studies reported a significant difference in antibody titer with
disease severity among COVID-19 recovered patients (22,23).
Interestingly, among the recovered patients, those who had
severe COVID-19 had higher levels of anti-spike total anti-
body compared to those with mild disease (24). Our study
also reported significantly higher levels of SARS-CoV-2 spike
protein-specific total antibody in severe COVID-19 recovered
patients.

Vaccination with ChAdOx1 nCoV-19 coronavirus vaccines
led to a significant increase in anti-spike antibody titers, indi-
cating a robust humoral immune response. However, the
raised antibody after vaccination could not immune-react
with SARS-CoV-2 variant peptides. The polyclonal antibody
response postvaccination showed limitations in binding the
mutant peptides of RBDs of the Delta and Omicron variants,
suggesting a potential challenge in achieving full protec-
tion against these variants (25). Findings of this study sug-
gest that vaccination elicits a lower titer of immune-reactive
antibodies against the Delta and Omicron RBDs, indicating
potential challenges in neutralizing these variants. Overall,
the results highlight the need for ongoing monitoring and
adaptation of vaccines to address the evolving SARS-CoV-2
variants and their impact on antibody binding. The findings
of our study are supported by the study of Geers et al 2021
(26). The study revealed structural analysis that the Delta and
Omicron variants share a common immune escape strategy
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involving specific residues (K417-E484-N501), allowing them
to evade neutralization by anti-RBD antibodies (8,26). The
study suggests that through mutations of this triad, SARS-
CoV-2 has evolved to evade neutralization by the class
I/Il anti-RBD antibody fraction of hybrid immunity plasma. The
findings indicate that vaccination may result in a decreased
long-term antibody response to Delta and Omicron RBDs,
highlighting the challenges in neutralizing these variants with
the existing antibody response induced by vaccination. The
study also found that the interval between vaccination and
blood draw did not significantly impact antibody levels, indi-
cating the stability of the antibody response over time. These
findings highlight the need for continued monitoring and
adaptation of vaccines to address the evolving SARS-CoV-2
variants and their immune evasion strategies.

Findings of our study reported reduced immunoreactiv-
ity of anti-sera of vaccinated people and COVID-19 recovered
patients with a peptide having E484K mutation in the RBD of
SARS-CoV-2 variants. Our finding is supported by the study
done in Brazilian/Japanese variants (P.2 and P.1) with the
E484K mutation, which had significantly decreased neutraliza-
tion, suggesting evasion of antibody responses (27). The neu-
tralization of the South African B.1.351 strain, which has three
mutations in the RBD and has been found in reinfection cases,
was significantly reduced for two-dose vaccines, similar to
other distantly related coronaviruses, indicating that a small
number of mutations can lead to potent humoral immune
response escape (28,29). A considerable percentage of recipi-
ents did not have detectable neutralization of the B.1.351
variant after receiving two doses of either vaccine (22).
Individuals with prior COVID-19 infection or significant expo-
sure had higher neutralization titers and cross-neutralization
against various variants, suggesting a combination of prior
infection and vaccination may result in broader neutralizing
antibody responses (30). The B.1.351 variant of SARS-CoV-2,
also known as the South African variant, exhibits resistance
to neutralization primarily because of mutations in the RBD
of the spike protein. The RBD mutations in B.1.351, including
K417N, E484K, and N501Y, contribute to the observed escape
from vaccine-induced neutralization (31,32). Variants like P.2
and P.1 with specific RBD mutations reduce neutralization
potency and may explain reinfection cases (33).

Conclusion

The study concludes that multiple variants of SARS-CoV-2,
including the Delta and Omicron variants, reduced immuno-
reactivity with polyclonal sera by vaccine-induced humoral
immunity. The Delta variant’s neutralization is primarily
attributed to mutations in the RBD of the spike protein. The
RBD mutations, such as K417N, E484K, and N501Y, play a sig-
nificant role in the escape from vaccine-induced neutraliza-
tion. The study highlights the need for reformulating existing
vaccines to include diverse spike sequences and the develop-
ment of new vaccines capable of eliciting broadly neutralizing
antibodies to effectively combat the infection with variants
of SARS-COV-2 and possible future pandemic. It also empha-
sizes the importance of assessing other antibody-mediated
functions and cellular immune responses mediated by T cells
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and natural killer (NK) cells in understanding the overall pro-
tection provided by vaccines.
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