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Abstract: During the last few years, the world witnessed one of the worst calamities to humankind- the COVID-
19 pandemic. We also witnessed the development of vaccines at an unprecedented pace against the SARS-CoV-
2- the causative agent. India was among the hard-hit countries by COVID-19, developed its indigenous vaccine
and implemented vaccines developed in other countries as well. Initially, the antibody level and the
neutralizing antibody titer against the pathogen were considered as the correlates of immune protection from
the disease. However, the long-term protection from the pathogen was provided by the immune memory cells
viz. T and B memory cells and their ability to efficiently make recall responses. In this regard, globally the
research studies focused mainly on the mRNA-based vaccines. The studies on immune memory response,
particularly- the B cell memory response bestowed by the vaccines given to Indians is relatively obscure. We
studied the level of RBD specific memory B cells in the peripheral circulation of the study participants and the
ability of B cells to secrete antigen-specific antibodies among Indians vaccinated with Covaxin (BBV152),
Covishield (AZD1222), Corbevax (BECOV2D) and Sputnik Light (Gam-COVID-Vac) as well as unvaccinated
individuals. Our study revealed that Corbevax and Sputnik Light conferred better antibody-secreting cell
(ASC) responses.

Keywords: receptor binding domain (rbd); memory b-cell (mbc); antibody-secreting cell (asc);
severe acute respiratory syndrome coronavirus 2 (sars-cov-2); coronavirus disease-2019 (COVID-
19)

Introduction

Vaccines are administered to protect people fromcertain diseases, at the same time reducing their
transmission. Since the inception of the concept of vaccination in 1796, there have been tremendous
advancements in the field of vaccinology. From the early developed whole-pathogen-inactivated
vaccines to the recent discovery of mRNA vaccines, the field has shown great progress with an
inflection during this pandemic [1]. Vaccines against SARS-CoV-2 have proved their capability of
mitigating severe symptoms and reducing hospitalization, but little is known about the cellular
memory responses they impart[2]. Besides antibodies, the generation and maintenance of immune
memory is an important element to tackle any pathogen during future encounters [3]. Generation of
immune memory is the change in the immune status of the host which imparts its footprint that may
last for much longer duration [4]. Both the T and B cells play critical roles in generating immune
memory and shape each other's functionality [5,6]. Cytotoxic CD8+ T cells are important in killing
and eliminating the cells infected with an intracellular pathogen such as a virus, while CD4+ T cells
generate a cytokine milieu conducive for the maturation of the B and CD8+ T cells, and concomitantly
development of their memory phenotype [7,8]. Long-lasting memory B cells are generated in
responseto natural infection or vaccination andadd a further layer of protection [9]. B-cell maturation
occurs in the transient but specialized structures known as the germinal centre. After a proliferative
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stage where a B cell clone undergoes somatic hypermutation and antigen-based selection, only those
with the ability to effectively bind an antigen survive [10,11]. This process continues for several
months after vaccination or the infection. This makes the newer generations of B cells produce
antibodies with better avidity and superior ability of virus neutralization. A subset of these B cells-
become memory B cells and dictates the immune response in case of any subsequent encounter with
the antigen [5]. The affinity maturation process expands the breadth of recognition with increased
affinity of the antibodies and the generated pool of the MBCs are multi-pronged with anticipatory
memory potential [11]. Of note, besides the role of IgG in viral infections IgA and IgM have also been
shown to be able to neutralize them [12,13].

A comparative assessment of memory B-cell response elicited by different vaccine platforms
holds the potential to provide invaluable insights into their relative effectiveness in promoting
enduring immune memory, hence facilitating the development of evidence-based vaccination
strategies. It is also important to understand the level of memory B cells present in the peripheral
circulation of the vaccinees over time and whether they have the ability to respond to therecurrent
invasion by the pathogen [14]. There are concerns regarding the potential decrease in the vaccine
efficacy, as viruses carrying mutations in key neutralizing antibody epitopes propagate in the
community, allowing them to partially/completely evade antibody recognition [15,16]. There are also
reports that severe COVID-19 may compromise affinity maturation of the B cells [17]. In India, three
viral vector-based vaccines (Covishield, Sputnik Light and Sputnik V), an inactivated virus-based
vaccine (Covaxin)[18], and a protein subunit vaccine (Corbevax) were widely administered [19].
Covaxin- is manufactured by Bharat Biotech. International Ltd. India uses the whole SARS-CoV-2
virus in an inactivated form. Corbevax, from Biological E. Limited India, utilizes a yeast
(Komagataellaphaffii)-produced version of the SARS-CoV-2 spike protein's RBD along with adjuvants
aluminium hydroxide gel and CpG1018 to trigger an effective immune response. It is based on the
technology utilized for the well accepted for the recombinant hepatitis B vaccine production [20].
Covishield is manufactured by Serum Institute of India Pvt. Ltd., a two-dose COVID-19 vaccine that
uses a chimpanzee adenovirus vector called ChAdOx1 to deliver SARS-CoV-2 spike protein into the
cell. The Sputnik Light vaccine manufactured by Gamaleya Research Institute of Epidemiology and
Microbiology; Russia is a single-dose regimen that also utilizes a recombinant human adenovirus
type 26 (rAd26) vector. It is the first dose of the Sputnik V (Gam-COVID-Vac) vaccine used as a
standalone for vaccination [21]. All these vaccines showed great potential during phase 3 trials with
77.8% efficacy for Covaxin (BBV152) [22], 70.4% for Covishield (AZD1222/ChAdOx1) [23], 91.6% for
Sputnik V (Gam-COVID-Vac)[24] and >90% for Corbevax (BECOV2D) (biologicale.com).

Despite the success shown by these vaccines during the clinical trials, the protection set forth by
them had a waning effect. Although it is known that the absence of antibodies need not necessarily
correspond to the absence of immune memory, a considerable amount of breakthrough cases were
observed in many of the vaccinated cohorts, though with less disease severity [25-28]. This is partly
linked to the immune evasion ability of the virus due to a high mutation rate observed in SARS-CoV-
2 genome. However, the comprehensive data regarding the immunological aspects of this inadequate
protection are limited. Moreover, limited in-depth studies have been conducted regarding the
vaccines given in India despite having one of the most extensive vaccine drives in the world. The
study of the long-term effects of immunological memory imparted by vaccines given in India is
important to understand how immunological memory is established.

In this study, we chose the above-mentioned vaccines differing in either their development
platform or dose regimen to study the different aspects of the antigen specific B cell immune response
three months after vaccination. Memory B cells are made to quickly proliferate and differentiate into
antibody secreting cells upon re-exposure to the pathogen[29]. Our readouts were based on the
Receptor Binding Domain (RBD) of the Spike protein of the SARS-CoV-2 Wuhan strain. A corollary
is that immune response against RBD has been shown to be dominant and correlates well with the
virus neutralization[14,30-32]. We compared the memory B cell response generated by the above-
mentionedvaccines in the peripheral circulation of these individuals and the ability of these cells to
proliferate and secrete anti-RBD antibodies. We observed a noticeable effect by Corbevax and Sputnik
Light vaccines on the ASC response of the vaccinated participants in comparison to the unvaccinated
individuals. Some of our findings were also corroborated by the studies on the T cell response by
other groups [20,33].
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Materials and Methods
Ethics statement

This study was conducted at the BRIC-Translational Health Science and Technology Institute,
Faridabad, India. Participant enrolment and sample collection were done at ESIC Medical College
and Hospital, Faridabad. Written informed assent/consent was obtained from each of the study
participants. This study was approved by the Institutional Ethics Committees from both institutes
(ESIC Hospital and Medical College, Faridabad File no._134 X/11/13/2021- IEC/43 and BRIC-THSTI
Faridabad Ref No: THS 1.8.1/ (130) dated 27th Oct 2021).

Participant Details

Samples were collected from a total of 180 participants and their age, sample collection date, and
vaccination details were recorded. The participants were of the following categories- Unvaccinated -
30 participants and Vaccinated (Corbevax, Covaxin, Covishield, and Sputnik Light; 30 participants
from each group except Sputnik Light where we collected samples from 27 participants) (Table 1).
Blood samples were collected in the Greiner Bio-One tubes (Cat. No. 22-040-134) for the isolation of
PBMCs and plasma.

Table Participant details (A) and their demography (B).

(A)
Sr. No. Status of vaccination Number
1 Unvaccinated 30
2 Vaccinated (Corbevax) 33
3 Vaccinated (Covaxin) 31
4 Vaccinated (Covishield) 38
5 Vaccinated (Sputnik Light) 27
(B)
Unvaccinated Corbevax Covishield Covaxin Sputnik Light
Sex Male 13 23 32 24 22
Female 17 10 6 7 5
Age Range 37 (18-55) 26 (20-46) 34 (19-53) 33 (21-54) 39 (20-59)
Median 28 29 26 26 30
Months since Range - 5(3-8) 12 (3-15) 12 (3-15) 5(6-11)
vaccination Median - 6 8 11 8

Indirect anti-RBD IgG ELISA

96-well Maxisorp plates (Thermo Fisher Scientific- Cat No. 442404) were coated with 100 ul of
RBD protein (2 pg/ml in PBS) per well and incubated overnight at 4°C. Plates were washed with PBST
(PBS +0.1% Tween 20) and blocked for two hours at 37°C with the block buffer (PBST + 3% skimmed
milk). After incubation, the block buffer was discarded, and the diluted Plasma samples 100 pl per
well were added in duplicates. Plasma samples were diluted in PBST + 3% skimmed milk at a ratio
of 1:The plate was incubated for 30 minutes at 37°C. After that, the plate was washed with PBST and
secondary antibodies were added 100 ul per well. Goat anti-human IgA HRP-conjugated (Southern
Biotech 2050-05; 1:5000 dilution), Goat anti-human IgG HRP-conjugated (Jackson Immunoresearch
109-035-088; 1:10000 dilution) and Goat anti-human IgM HRP-conjugated (Jackson Immunoresearch
109-035-129; 1:10000 dilution)] were used as secondary antibodies. The plate was incubated for 30
minutes at room temperature and then washed with PBST. TMB substrate was added in the dark and
incubated for 3 minutes. The reaction was stopped with 1IN H2504 before measuring the optical
densities at 450 nm using a microplate reader [34].

Expression and Purification of the RBD protein of SARS-CoV-2 (Wuhan strain- Hu-1)

The following reagent was contributed by David Veesler for distribution through BEI Resources,
NIAID, NIH: Vector pcDNA3.1(-) Containing the SARS-Related Coronavirus 2, Wuhan-Hu-1 Spike
Glycoprotein Receptor Binding Domain (RBD), NR-52422as mentioned previously [53,54]. The
recombinant his-tagged SARS-CoV-2 ancestral Wu-RBD protein was expressed in transiently
transfected Expi293F cells in suspension culture using Expifectamine Transfection kit (Thermo Fisher
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Scientific, Cat no. A14524) as per manufacturer protocol. Post-transfection and expression, cell culture
supernatants were harvested after 5-6 days or until cells showed more than 60% cell death. The
supernatant was passed through a Ni-NTA column for protein purification. Bound proteins were
eluted with 500 mM imidazole and were concentrated with an Amicon 10 kDa filter (Millipore),
protein fractions were aliquoted and stored at —80 °C.

Labeling of RBD protein with the Alexa Fluor-488

Purified RBD was tested using SDS PAGE, and was taken for the fluorophore labeling at a
concentration of 1 mg/ml. We labeled RBD protein using Alexa Fluor Microscale Protein Labeling kit
(Cat No. #A30006; Thermo Fisher Scientific) as per the manufacturer's instructions.
Fluorophorelabeled RBDs were aliquoted and stored at -20 °C for further use.

Estimation of memory B cells in the peripheral circulation

To estimate the percentage of RBD-specific memory B cells in the peripheral circulation of the
study participants, a flow-cytometry-based method was utilized [14]. Alexa Fluor-488 labelled RBD
was used as a probe for estimation of antigen specific memory B cells. Briefly, 1.5-2.5 x 106 cells were
labelled with the antibodies against different human B cell markers which included markers for
memory phenotype as well (Table 2). Samples were acquired on Canto II Flow cytometer (BD
Biosciences) and the data were analyzed using FlowJo software (Flow]Jo LLC).

Table Molecular markers used for the memory B cell estimation in the peripheral circulation of the

study participants.
SN. Molecular marker Fluorophore Make and Catalogue number
1 Fixable viability dye Violet Dye Invitrogen #L.34964
2 CD3 PerCP BioLegend #344814
3 CD19 PE BioLegend #302208
4 CD20 APC BioLegend #302310
5 CD27 PE-Cy7 BioLegend #356412
6 IgD APC-Cy7 BioLegend #348218

Estimation of Antibody Secreting Cells

Antigen specific antibody secreting cell estimation was performed as described by Crotty et al.,
2004 with slight modifications. Peripheral blood mononuclear cells (PBMCs) and blood plasma were
isolated from blood samples of the study participants and stored for later use[29]. For culturing, fresh
stimulant media was prepared by adding polyclonal stimulants to complete RPMI medium. Thawed
PBMCs were washed with complete RPMI medium, counted and cultured at a density of 3 million
cells per sample, and added at 0.5 million cells per well in a 24-well plate. An additional 0.5 million
cells were cultured in a medium without stimulants as a control. Polyclonal stimulation reagents used
were Protein A from Staphylococcus aureus (Sigma Aldrich P7155), Lectin from Phytolacca
americana (pokeweed) (L9379), and ODN 2006 (TLR GRADE®) (synthetic) (Enzo Life Sciences- ALX-
746-056-M001). The culture plate was maintained in a CO2 incubator for 5 days at 37°C.

An ELISpot plate (Sigma Aldrich-MSIPS4510) was activated with 35% Ethanol. After washing
with PBST (PBS + 0.05% Tween 20) and PBS respectively, the plate was coated with polyvalent Goat
anti-human Ig mix (Thermo Fisher Scientific - H17000) and SARS-CoV-2 spike RBD at a concentration
of 10 pg/ml in PBS. The plate was incubated overnight in the dark at 4°C. Following coating, the plate
was washed and blocked with 200 ul of blocking buffer per well for at least 2 hours at 37°C or
overnight at 4°C. After culturing for 5 days, cells were washed and seeded onto the ELISpot plate
(Figure 3). Subsequent steps included incubation with secondary antibodies [(Goat Anti-human IgA
secondary antibody, Biotin (A18785), Goat Anti-human IgG Fc Bio Affinity (Thermo Fisher Scientific
- A18821), Goat Anti-human IgM secondary antibody, Biotin (Thermo Fisher Scientific - PA1-86071)],

d0i:10.20944/preprints202408.0230.v1
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Avidin-D-HRP (Thermo Fisher Scientific 18-4100-51), and substrate solution. The substrate was
prepared by mixing 110 pul of AEC-DMF solution (3-Amino-9-Ethylcarbazole in Dimethyl
Formamide, 60 mg/mL) with 10 mL of 0.1 M sodium acetate and adding 165 ul ofH202 [Sigma Aldrich
(323381)] after filtering the solution. The plate was incubated, rinsed gently with tap water, and dried
overnight in the dark.

Spot counting was performed using the Auto-counter feature of the ImmunoSpot 7.0.36.0 device
with CTL software, which visualized and recorded the number of spots in each well. Quality control
was performed to check for any errors in the counting and corrections were made accordingly. The
average of the spot-forming units (SFUs) from the unstimulated control wells was deducted from
each of the SFU values.

Statistics

All the data visualization and statistical analyses were done using GraphPad Prism 9.5.Kruskal-
Wallis’ test and Dunn’s multiple comparison test were used for statistical analysis. P value <0.05 was
considered statistically significant.

Results
All Participants Including Unvaccinated Individuals Showed Marked Levels of Anti-RBD IgG Antibodies

We tested the IgG antibody levels of the participants in our study using RBD-specific IgG ELISA
[34]. Vaccinated participants from all four vaccines showed a remarkable IgG response towards
SARS-CoV-2 RBD. This indicated that the vaccinations led to the development of a distinct humoral
response against the virus (Figure 1). However, the unvaccinated participants also showed an
elevated RBD-specific IgG response, which suggests that the unvaccinated participants have
beenexposedto SARS-CoV-The blood samples for this study from unvaccinated participants were
collected during Omicron surge in India; it is likely that the participants contracted the virus during
this period. The presence of IgM antibodies post-recovery phase for a prolonged time among these
participants highlights the importance of these multimeric antibodies in tackling the virus. Similar
observations have also been made in certain other viral infections [12,35]. This is probably because of
the high avidity of these antibodies towards the antigens.
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Figure IgG antibody level against SARS-CoV-2 receptor binding domain (RBD) of Spike protein
among unvaccinated and vaccinated participants.

Study Participants Exhibited RBD-Specific Memory B Cells in Their Peripheral Circulation
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Our analysis of the memory B cell responses to the SARS-CoV-2 RBD in the peripheral blood of
the participants yielded mixed results. Flow cytometry analysis on peripheral blood mononuclear
cells (PBMCs) from 118 participants (90 vaccinated and 28 unvaccinated) revealed a higher
percentage of RBD-specific memory B cells in the unvaccinated group compared to any of the
vaccinated groups. This is probably because of the recent natural exposure of the unvaccinated
participants to the pathogen at the time when the Omicron variant swept the country (Fig 2).
Although we recruited these unvaccinated participants based on theirasymptomatic profile during
the last three months, they showed a good antibody response against SARS-CoV-2 RBD, suggesting
a recent asymptomatic exposure.All the participants of vaccinated groups showed comparable
percentages of RBD specific memory B cells. As observed for the RBD specific antibody levels, the
group of unvaccinated participants had a slightly higher amount of RBD specific memory B cells as
compared to all the vaccinated groups, possibly impelled by the recent exposure to the virus.
However, there was no statistically significant difference seen among participants of vaccinated
groups when compared with that of the unvaccinated participants.
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Figure RBD specific memory B cells in the peripheral circulation of the study participants- gating
strategy of the flow cytometry data (A) and its graphical representation (B).

Magnitude of the RBD-Specific Antibody-Secreting B Cells among Vaccinees from Different Vaccine Groups

To test the magnitude of the RBD-Specific antibody-secreting B cells among vaccinees from
different vaccine groups, we did polyclonal stimulation of the PBMCs obtained from these
participants and tested the ability of the B cells to proliferate and secrete antigen specific antibodies
[29]. The schematic diagram of the plate map and a representative image of the B cell ELISPOT plate
have been shown in Figure 3 A and B. Our data revealed a distinct distribution of RBD-specific IgM,
IgA and IgG antibody secreting B cells among the participant samples. The percentage of RBD-
specific IgM antibody secreting B cells was higher than that of IgA and IgG antibody secreting B cells
across all the analyzed groups (Fig 4). However, the percentage of RBD-specific IgM antibody
secreting B cells wasmore or less similar across all the groups. The median percentage of IgA and IgG
antibody secreting B cells were slightly higher among participants vaccinated with the Corbevax and
Sputnik Light groups as compared to the other groups including the unvaccinated participants. There
was no statistically significant difference between groups because of a considerable variability within
the ASC as evident from Figure The increase in the median percentage of IgA and IgG antibody
secreting B cells among the participants of Corbevax and Sputnik Light groups as compared to the
unvaccinated participants is of interest which showed lower RBD specific IgG antibodies as compared
to those of the unvaccinated participants in the plasma samples and RBD specific memory B cells in
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the peripheral circulation- a reversal in the pattern. Of note, a single dose of the Sputnik Light vaccine
mounted a marked level of the RBD specific IgG antibody secreting B cells at par with the other

vaccines.
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Figure Schematic ELISPOT assay plate map (A) and a representative plate image with the total and
RBD specific antibody secreting cells (ASC) of an unvaccinated and a vaccinated individual (B).
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Figure Fraction of the RBD specific ASC (IgA, IgG and IgM) among vaccinated versus unvaccinated
individuals.

Temporal Patterns in the RBD-Specific Antibody-Secreting B Cells Post-Vaccination

To test the durability of the ASC response of the participants of different vaccine groups, we
categorized the samples of each vaccination group by 4-6 months and beyond 6 months post
vaccination. The levels of IgA and IgM-secreting B cells among the Corbevax-immunised
participants, did not differ significantly from the participants in the unvaccinated group as well as
between 4-6 months and beyond 6 months post vaccination groups (Figure 5A). However, individuals
who had been vaccinated with Corbevax for more than 6 months before sample collection showed a
statistically significant increase in RBD specific IgG ASC response as compared to the unvaccinated
participants suggesting a better affinity maturation of IgG antibodies among these participants over
time (Figure 5A). IgM ASC response after Covaxin administration remained more or less similar to
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that of the unvaccinated group. However, there is an increase in the median RBD specific IgA and
IgG SFUs at an early time point with a huge inter-individual variation (Figure 5B). Although we can’t
make any conclusion based on the above result as the number of samples were less in the 4-6 months
post vaccination group. Participants immunized with Covishield did not show a noticeable trend in
the memory B cell immune response for any of the antibodies. The percentage of RBD-specific
antibody-secreting B cells remained similar for 4-6 months and afterwards in these participants
(Figure 5C). Individuals who received the Sputnik Light vaccine displayed an interesting temporal
pattern in the levels of RBD-specific antibody-secreting B cells (Figure 5D). An enhancement of RBD-
specific antibody-secreting B cells can be seen in the samples collected 6 months post-vaccination.
IgG responses peaked early and remained consistent among the 6 months post vaccination group
participants. However, IgA ASC response also enhanced over the time, no significant difference was
observed for IgM specific ASC response in these participants although the median SFU percentage
increased among the samples collected after the 6 months post vaccination. This observation suggests
the development of an enduring and broader antibody response over time following Sputnik Light
vaccination. A restraint on the precise conclusion over the durable impact of different vaccines on
ASC responses is the smaller number of the samples in the 4-6 months time window among
participants vaccinated with Covaxin, Covishield and Sputnik Light vaccines.

IgA IgG IgM IgA 1gG IeM
4 2 10 (. 4 18
- - (] 154
& £ g g &1 £
2 2 Z, 3¢ 3 5
] w [} . ™ ™S [
" " . M L] o L]
o 5] . 517 g £ -3
H He o1 M s a
. 13 1 " "
g, ; 2l ¥ 3+ A €| g% | 3 . 84 #
‘ ! ' - 7 . © [ £ x I :
il ; & |7 v = 1 { o i 4 3
| 3| 3 |2 | i i i 4 JNEaRE:
AL =l |} UL sl Bl ilali
£ £ &S £ s P F F
¥ x iy
g g e & e ﬁ"&’ R & f@‘f & ¢ e‘f
§ o
Fig. 5A Fig. 5B
IgA 12G IgM IgA 18G IgM
1 3 H . e 3 z Ll ‘.
g £ g £ £ £ :
] 2 2 . ® . ]
2 2, gl 1 2y ¢ Z 1
= = 5 ' =4 £ L3
H i . i) ! i i | £
H . . e " v - [} 8
8" i 8 ke [ o mtn | | g ' g1 . 1 gs
[ s - - 1’3 ‘. . @ - ®2 | (3 " 1 4
i ! i AREalEl - T I
T L H s i - : .2 - |
| (1 3 Amm L F L & [1] #ME
& po® & & @ ¢ d &
¥ \"f “p‘& & ¢ & e“s *ﬁ’ Fy
£ @ O f O F
I & & §
Fig. 5D

Figure Fraction of the RBD specific ASC (IgA, IgG and IgM) to depict temporal changes. A. among
Corbevax vaccinated versus unvaccinated individuals. B. among Covaxin vaccinated versus
unvaccinated individuals. C. among Covishield vaccinated versus unvaccinated individuals. D.

among Sputnik Light vaccinated versus unvaccinated individuals.

Discussion and Conclusion

Understanding the immune memory response helps us in getting insights into the longevity of
the protection against a pathogen. The memory response of T and B cells and theirfunctionality are
shaped not only by the antigens of a pathogen and their presentations but also by the interactions
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between these two cell types besides others [36]. The B cell memory phenotype is generated as a result
of multiple iterations of antigen-based selection of antibody-secreting B-cell populations [37]. The
instability of the viral genome and the resulting mutations in the antigens, mainly the Spike protein
in case of the SARS-CoV-2, diminishes the impact of B-cell memory response during a reinfection or
a breakthrough infection [38]. The efficacy of various vaccination platforms against SARS-CoV-2 and
natural infection in conferring immunity has been a subject of extensive research and debate [19]. It
has been shown that MBC responses were more pronounced when individuals experienced a natural
infection followed by a single vaccine dose as opposed to vaccination alone [39]. These studies show
the impact of various vaccines on generating immune memory, or enhancing the one already
produced as a result of a natural infection.

We observed that the unvaccinated individuals also exhibited antibody response as well as
memory B cells in their peripheral circulation with an ability to proliferate. This is probably due to
the asymptomatic infections they might have had as these samples were collected during the peak of
the Omicron wave in the country. Studies regarding memory B cells in the peripheral circulation and
the estimation of ASCs have been done in the BNT162b2 vaccinated and naturally infected
individuals. The generation and viability of the MBCs have been linked to the severity of the disease,
where moderate to severe infections have resulted in a better B cell recall response. It has been noted
in several studies that the overall antibody titers decline rapidly a few months after infection and
vaccination sub-sequential a peak in the initial days [40—42]. Few studies have been performed to gain
insight into the protection provided by memory B cells mostly for the mRNA-based vaccines [43—47].
Some studies carried out with a cohort of BNT162b2 vaccinees found that there is indeed an increase
in the amount of memory B cells 8 months after the second dose and an even better increase after a
booster dose [48,49]. Another study by Nayak et al., 2021 observed that there was a positive
correlation between RBD-specific memory B cells and RBD-specific IgG titers while also mentioning
that the individuals with a low amount of neutralizing antibodies also had a low amount of memory
B cells in their peripheral circulation [14]. Various aspects of immunological memory produced by
BNT162b2 vaccination against SARS-CoV-2 have been widely studied.

In this study, we evaluated the memory B cells induced by vaccines in India where the BNT162b2
vaccine was rarely administered. The blood samples particularly of the unvaccinated groups were
collected during the Omicron surge in India and it is likely that these unvaccinated participants were
exposed to the virus. Despite this limitation, the results give us a glimpse into the potential
complexity of the B cell immune response as among the vaccinated groups, the amount of ASCs
shows variation from vaccine to vaccine. BECOV2D and Gam-COVID-Vac showed promising results
with slight increase in the number of ASCs six months after vaccination- similar to what was
previously observed in BNT162bOn the other hand, though BBV152 and AZD1222 induced a
considerable amount of ASCs after vaccination, they did not show any significant change in the B cell
recall response over time. To summarize, vaccines induced a B-cell recall response similar to a mild
infection but its temporal dynamics depended on the specific vaccine. These findings highlight the
complex interplay between vaccination, prior infection and RBD-specific memory B cell generation.

Although the ASCestimation is tedious to perform and takes almost a week to the results, one
needs to study this on a larger sample size for better understanding. Larger sample size would have
also helped in categorizing the ASC response in different time intervals and making comparison
among these vaccines. A limitation in our study is the exposure status of the unvaccinated
participants. It would have been better to have PBMCs and blood plasma collected from the people
before the pandemic to have an actual comparison between the vaccinated and unvaccinated groups.
We observed a great deal of interindividual variation among these responses with heterogeneity at
the level of RBD-specific memory B cells in the peripheral circulation and also secretion of antigen-
specific antibodies; our study is one among the few done to understand the memory B cell response
after vaccination against COVID-19 [50,51]. Particularly, this aspect of evidence-based understanding
was lacking for the vaccines given to Indians. The study of the memory B cell response is essential in
understanding the long-term protection offered by vaccinations. The memory response of the B cells
mounted by the vaccines to respond to an infection, its durability, and effectiveness play a key role
in preventing the recurrence of the disease. This knowledge could also help in making policy
decisions by the Government bodies, use of a particular vaccine development platform or whether
we need a booster vaccination for such infectious diseases.
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Our study highlights the immune memory response, particularly the B cell memory response
generated after vaccination against COVID-The levels of memory B cells generated by vaccination,
or the natural infection serve better for the immune correlate of protection than the antibody levels
in the blood circulation [52]. Probably due to asymptomatic exposure by circulating Omicron variants
in the Indian community during the time when participants' samples were collected, even the
unvaccinated individuals exhibited high levels of RBD-specific IgG antibodies. They also showed the
presence of RBD-specific B cells in their peripheral circulation. However, the vaccinated people,
especially those vaccinated with Corbevax and Sputnik Light showed better response in terms of
secreting RBD-specific antibodies after polyclonal stimulation. This suggests an effective and durable
B cell memory response generated by these vaccines. This study is unique in a way that can provide
tailored and more equitable vaccination strategies based on the understanding of the durability of
the memory response of the B cells, its ability to proliferate and secrete antigen specific antibodies.
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