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Purpose: Understanding the humoral immune response dynamics carried out by B cells in COVID-19 vaccination is little explored;
therefore, we analyze the changes induced in the different cellular subpopulations of B cells after vaccination with BNT162b2 (Pfizer-
BioNTech).

Methods: This prospective cohort study evaluated thirty-nine immunized health workers (22 with prior COVID-19 and 17 without
prior COVID-19) and ten subjects not vaccinated against SARS-CoV-2 (control group). B cell subpopulations (transitional, mature,
naive, memory, plasmablasts, early plasmablast, and double-negative B cells) and neutralizing antibody levels were analyzed and
quantified by flow cytometry and ELISA, respectively.

Results: The dynamics of the B cells subpopulations after vaccination showed the following pattern: the percentage of transitional
B cells was higher in the prior COVID-19 group (p < 0.05), whereas virgin B cells were more prevalent in the group without prior
COVID-19 (p < 0.05), mature B cells predominated in both vaccinated groups (p < 0.01), and memory B cells, plasmablasts, early
plasmablasts, and double-negative B cells were higher in the not vaccinated group (p < 0.05).

Conclusion: BNT162b2 vaccine induces changes in B cell subpopulations, especially generating plasma cells and producing
neutralizing antibodies against SARS-CoV-2. However, the previous infection with SARS-CoV-2 does not significantly alter the
dynamics of these subpopulations but induces more rapid and optimal antibody production.
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Introduction
COVID-19 is the great pandemic of the 21st century caused by the SARS-CoV-2 virus.' Immunization through vaccines
is the most efficient measure to prevent emerging and re-emerging infectious diseases in the human population;’
however, its effectiveness depends on the developed immune response.” The BNT162b2 (Pfizer-BioNTech) vaccine is
based on mRNA technology, showing safety and high efficacy against SARS-CoV-2.*

A successful immune response depends on the cooperation of different cells.” The immediate response is carried out
by cells of the innate immune system, where they are quickly recruited at the site of damage (vaccine infiltration),
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initiating the immune response through inflammation; however, they also act as antigen-presenting cells.®” Subsequently,
the adaptive immune system cells such as T and B lymphocytes are activated by contact with the antigen, resulting in the
development of effector and memory cells.*®

The impact of vaccination on cellular immunity has been extensively studied;”'® however, the role of humoral
immunity from the perspective of cell subpopulation dynamics remains to be explored further.

Activation of B cells is key to the effectiveness of the response to vaccination.!' B cell subpopulations have different
phenotypes and functions, such as the production of antibodies.'? The transitional B cells (TrB cells; immunophenotype
CD19'CD27 CD24'CD38") are immature cells derived from bone marrow, considered precursors of mature B cells;
these cells represent approximately 4% of all B CD19" lymphocytes repertoire in healthy subjects.'*'* An increase in
this population would indicate a stimulation to induce cell proliferation. When TrB cells encounter the antigen to which
they are prone, mature B cells (immunophenotype, CD19°CD27 CD24 CD38") can enter a germ center reaction and be
able to differentiate into memory or plasma cells.'

Memory B cells (immunophenotype, CD19°CD27"CD38") are long-lived inactive cells prepared to respond rapidly
to antigen reinfection,'® whereas plasmablasts (immunophenotype CD19"CD27 'CD38") can be a transient population:
plasma cell precursors (antibody-producing) or terminally differentiated effector cells.'”'® In peripheral blood, there are
other less frequent subpopulations such as early plasmablasts (CD19"CD27 CD24 CD38"), a population with similar
dynamics to plasmablasts, and the double-negative B cells (CD19"CD27 CD24 CD38-IgD "), which have been linked to
age, autoimmune diseases or infections.'®?® In healthy adults, most B cells circulating in the blood are mature or with
memory B-cell phenotypes, and there are low amounts of transitional B cells and plasma cells (plasmablasts).'**"**
These cells can be evaluated by flow cytometry immunophenotyping to determine the presence and ffoabsence of specific
antigens by differentiation clusters (CD).*

The immune system generates protection after natural infection and by vaccination against SARS-CoV-2, but the
protection generated by the combination of infection before vaccination is little analyzed.?* Studies have shown that the
mentioned combination of the previous infection plus vaccination generates additional protection against SARS-CoV-2
reinfections.?**>

Regarding neutralizing antibody production, it has been shown that the role of a previous infection helps in the
dynamics of the generation of these antibodies in a faster and more efficient way.?”-*® There are no studies that analyze
the role of previous infections in the dynamics of the generation of B cell subpopulations; however, it has been seen that
the BNT162b2 vaccine generates memory and plasma B cells.?**°

Based on the above, it was interesting to study the differences in the effect of BNT162b2 on B-cell immunopheno-
types and the neutralizing antibodies against SARS-CoV-2 production in individuals with and without prior COVID-19.

Materials and Methods

Subjects

We included 39 healthcare workers from Jalisco, Mexico, immunized with Pfizer-BioNTech (BNT162b2) vaccine. All
individuals signed an informed consent report. They were divided into two groups: people with prior COVID-19 (n=22)
and people without prior COVID-19 (n=17). Additionally, ten gender- and age-matched individuals without vaccination
against SARS-CoV-2 were included as a reference group and were denominated control subjects (CS); five of these
individuals had a history of prior asymptomatic COVID-19. This group was included because the immunophenotypes of
B cell subpopulations were not determined before vaccination (baseline) in those vaccinated individuals. Therefore, these
healthy unvaccinated individuals (CS) are a reference point to infer possible changes between B cell subpopulations
before and after vaccination.

Individuals with a history of COVID-19 were diagnosed 3 to 5 months before vaccination. The verification of the
group without a history of COVID-19 was performed by IgG/IgM Rapid Tests (Certum Diagnostics, Nuevo Leon,
Mexico), confirming seronegativity to anti-SARS-CoV-2 antibodies. All groups answered a survey of clinical and
demographic characteristics. For immunized people, blood samples were taken 21 days after each dose of the vaccine
(two doses).
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Sample Collection

Peripheral blood samples were obtained by venous puncture in Vacutainer tubes without anticoagulant for serum
collection. Furthermore, peripheral blood mononuclear cells (PBMC) were collected from plastic BD Vacutainer
EDTA tubes by a density gradient centrifugation protocol using Lymphoprep reagent (Axis-Shield Diagnostics, UK)
and following the manufacturer’s instructions. Cells were suspended in 2 mL of phosphate-buffered saline (PBS)
solution 1 X (Caisson Labs) and checked for viability in a Neubauer counting chamber using trypan blue (Sigma-
Aldrich Co.).

Flow Cytometry

A 6-color multicolor flow cytometry panel was designed for the identification of B-cell immunophenotypes using the
following antibodies: (Biolegend Inc., San Diego, CA, USA): CD19 PerCP/Cy5.5 (clone 1A6-2), CD20 APC/Fire 750
(clone 2H7), CD24 PE (clone MLS5), IgD FITC (clone IA6-2), CD27 PE/Cy7 (clone O323) and CD38 Alexa Fluor 700
(clone HIT2). As a negative control, the corresponding isotype control antibodies were included (Biolegend Inc., San
Diego, CA, USA). After a cell viability verification, flow cytometry was performed immediately. For each sample,
undyed cells were mixed with isotypes or antibodies, in each one, 300,000 cells were placed; after staining, these samples
were incubated for 30 minutes at 4°C. Two washes with PBS 1X and centrifugation for 5 min at 1500 rpm in a volume of
500 pL were made. Finally, samples were resuspended in 500 pL PBS 1X with formaldehyde at 0.5% for subsequent
reading immediately.

Samples were read in the acoustic focusing Attune™ NxT flow cytometer (Life Technologies). The results were analyzed in the
FlowlJo software v10.0 program (Tree Star, Inc., Ashland, Oregon, USA). The analysis strategy started locating the lymphocytes
based on their forward scatter (FC), and side scatters (SS) characteristics. After that, delimiting of subpopulations of interest
(gating) was performed based on the CD19" marker expression. The subsequent gating was to analyze the presence or absence of
the CD27 and CD38 markers; subsequently, CD38" and CD27  population was taken for the next gating to analyze the CD24
marker. Finally, the presence or absence of the IgD marker was analyzed from the CD24 " and CD38" populations. Figure 1
illustrates those mentioned above. The following immunophenotype was used for the identification of cell subpopulations:
memory B cell (CDI19'CD27°CD387), transitional B cell (CDI9'CD27 CD24°CD38"), mature B cell
(CD19°CD27 CD24 CD38"), virgin B cell (CD19°CD27 CD24 CD38 IgD"), plasmablasts (CD19"CD27'CD38"), early
plasmablast (CD19'CD27 CD24 CD38"), and double-negative B cells (CD19"CD27 CD24 CD38 IgD).

Detection of Neutralizing Antibodies

Neutralizing antibodies were analyzed 21 days after applying each dose of BNT162b2. The neutralizing antibodies were
quantified using the cPass™ SARS-CoV-2 Neutralization Antibody Detection Kit (GenScript, Piscataway, NJ, USA) as
described previously.?® The inhibition rate was calculated with the following formula:

OD value of sample

Neutralization percentage = <1 ) x 100%

" ODvalue of negative control

Statistical Analysis

According to the sample size calculation, the statistical power was assessed, performed with an estimated error margin of
2% with a confidence degree of 95%. The normal distribution of variables was assessed by the Shapiro-Wilk test.
Categorical variables are expressed as frequencies, and the Fisher chi® test was used to compare proportions. Continuous
variables with nonparametric variables are expressed as medians and interquartile ranges (IQR), whereas data with
parametric distribution are represented as mean with standard deviation. For the analysis of variance, the Mann—Whitney
U-test was applied for comparing two groups or Kruskal-Wallis for three or more in nonparametric variables, followed
by Dunn’s multiple comparisons. The Wilcoxon signed-rank test was used to compare two related samples. Correlations
were evaluated by Spearman’s rank correlation coefficient. Statistical analysis was performed using the GraphPad Prism
v. 6.01 software. The significance level was set at p < 0.05.
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Figure | Flow cytometry analysis of B cell subsets and frequency of total B cells. Gating strategy for identifying the indicated B cell subsets in peripheral blood mononuclear
cells (PBMCs) previously selected from singlets gate (FSC-A vs FSC-H).
Note: The results are representative of a patient vaccinated with BNT162b2 with prior COVID-19.

Results

Clinical Characteristics of Study Groups

Age and gender were similar between the groups (p > 0.05). Individuals in the group with prior COVID-19 had more
comorbidities than those without prior COVID-19 (p < 0.005). The percentage of neutralization of the antibodies against
SARS-CoV-2 was 30.78% (IQR: 19.4-78.2) in the control group. Individuals with prior COVID-19 had a higher
neutralization percentage than those without prior COVID-19 after 21 days post-application of the first BNT162b2
dose (median [IQR]: 98.08% [97.05-98.40] vs 88.79% [80.20-95.76], respectively; p = 0.0413). After the second
BNT162b2 dose, no significant differences were observed in the percentage of neutralization (Table 1).

B-Cell Subpopulations After the First Dose of the BNT162b2 Vaccine

B-cell subpopulations were analyzed 21 days after the first dose of BNT162b2 immunization in individuals with and
without prior COVID-19. The overall percentage of B cells (CD19") did not show a significant difference between
vaccinated or unvaccinated groups (p > 0.05, Figure 2A).

Regarding transitional B cells, we observed that vaccinated people with prior COVID-19 showed a higher percentage
of this subpopulation than control subjects (CS) (median 18.9% vs 8.9%; p = 0.0254, Figure 2B). In contrast, the group
without prior COVID-19 shows a higher frequency of virgin B cells than the CS (66.4% vs 47.9%; p = 0.0169,
Figure 2C). In those two previous subpopulations, there were no statistical differences between the vaccinated groups
with and without prior COVID-19 (p > 0.05).
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Table | Clinical and Demographic Characteristics of Study Subjects

Control Subjects Vaccinated Groups p value
(CS)n=10 . . . .
Without Prior COVID-19 With Prior COVID-19
Infection n = 17 Infection n = 22
Age, mean * SD 46 + 9.74 37.88 + 9.32 40.86 = 13.01 0.2130*
Gender, n (%)
Male 4 (40.00) 6 (35.29) I'1 (50.00) 0.6548°
Female 6 (60.00) 11 (64.71) Il (50.00)
Comorbidities, n (%)
Diabetes 0 (0.00) 0 (0.00) 0 (0.00) N/A
SAH 0 (0.00) 1 (5.88) 3 (13.64) 0.5252°
Allergic diseases 0 (0.00) 2 (11.76) 6 (27.27) 0.1570°
Dermatitis 0 (0.00) 2 (11.76) 0 (0.00) 0.1539°
Overweight 2 (20.00) 3 (17.64) 7 (31.82) 0.6275°
Neutralizing antibodies percentage, N/A 88.79 (80.20-95.76) 98.08 (97.05-98.40) 0.0413¢
median (Q25-Q75)
First BNT162b2 dose
Neutralizing antibodies percentage, N/A 98.16 (98.06-98.56) 98.50 (98.44-98.53) 0.1951°¢
median (Q25-Q75)
Second BNT162b2 dose

Note: The p-values were calculated using ANOVA (%), Fisher’s exact test (°), or Mann Whitney U-test (°).
Abbreviations: SD, Standard Deviation; SAH, Arterial Hypertension; N/A, does not apply.

People vaccinated with BNT162b2 with and without prior COVID-19 had a higher percentage of mature B cells than
CS (median CS = 5.5%; vaccinated without prior COVID-19 = 15.7% and vaccinated with prior COVID-19 = 15.9%; p =
0.0084, Figure 2D). The frequency of memory B cells was higher in the control group than in vaccinated groups with and
without prior COVID-19 (p = 0.0007, Figure 2E). There was no difference between the immunized groups with and
without prior COVID-19 in mature B cell subpopulations and memory B cells (p > 0.05).

For plasmablasts, no statistical difference was observed between vaccinated people and CS (p > 0.05); however,
a tendency of a higher percentage of this subpopulation in immunized individuals with prior COVID-19 was observed
(median CS = 2.1%; vaccinated without prior COVID-19 = 2.37%, and vaccinated with prior COVID-19 = 3.07%,
Figure 2F).

In the case of early plasmablasts, both individuals vaccinated with and without prior COVID-19 present lower
percentages unlike CS (median CS = 82.08%; vaccinated without prior COVID-19 = 59.88%, and vaccinated with prior
COVID-19 =59.11%; p < 0.0001, Figure 2G). Finally, people vaccinated with BNT162b2 with and without prior COVID-19
had a lower percentage of double-negative B cells than CS (median CS = 52.11%,; vaccinated without prior COVID-19 =
36.1% and vaccinated with prior COVID-19 = 43.12%; p = 0.0333, Figure 2H). No differences were observed between the
vaccinated groups (p > 0.05) for both subpopulations (early plasmablast and double-negative B cells).

B-Cell Subpopulations After the Second Dose of the BNT162b2 Vaccine

Only nine individuals with prior COVID-19 and twelve without prior COVID-19 were followed up for the second dose
analysis. Figure 3 shows the percentage of B cell sub-populations after the second dose of BNT162b2 (21 days after),
where the overall percentage of B cells (CD19") did not vary significantly between groups (p > 0.05, Figure 3A) as
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Figure 2 Subpopulations of B cells after the first dose of the BNT162b2 vaccine. (A) Total B cells, (B) transitional B cells, (C) virgin B cells, (D) mature B cells, (E) memory
B cells, (F) plasmablasts, (G) early plasmablasts, and (H) double-negative B cells.

Notes: Differences between all groups were calculated with the Kruskal-Wallis test, followed by Dunn’s multiple comparison test. Data are provided as medians and
interquartile range (IQR).

Abbreviation: CS, Control Subjects.

observed in the first dose. For transitional B cells, no statistical difference was observed between the three groups
(p > 0.05, Figure 3B); however, a trend of more frequent of these cells was observed in the vaccinated group with prior
COVID-19 (median CS = 8.9%; vaccinated without prior COVID-19 = 9.4% and vaccinated with prior COVID-19 =
11. 7%).

Regarding the subpopulation of virgin B cells, a higher frequency of this subpopulation was maintained in the
vaccinated group without prior COVID-19 compared to the control group (median CS = 47.9% vs vaccinated without
prior COVID-19 = 72.5%; p = 0.0073, Figure 3C), as observed in the first dose. There was no difference between the
vaccinated groups (p > 0.05).

Mature B cells predominated in the vaccinated group compared to CS (median CS = 5.5%; vaccinated without
prior COVID-19 = 14.5% and vaccinated with prior COVID-19 = 14.1%; p < 0.01, Figure 3D), whereas memory
B cells predominated in the control group compared to the vaccinated groups (median CS = 29.9%; vaccinated
without prior COVID-19 = 14.2% and vaccinated with prior COVID-19 = 15.5%; p = 0.0003, Figure 3E). No
differences were observed between the vaccinated groups (p > 0.05) for both subpopulations (mature and memory
cells).

Plasmablasts after the second dose of BNT162b2 had a higher frequency in the CS compared to the group without
prior COVID-19 (median CS = 2.2 vs vaccinated without prior COVID-19 = 1.07; p = 0.0229, Figure 3F). There was no
difference between the vaccinated groups (p > 0.05).

Early plasmablasts had a higher frequency in the CS compared to the immunized group with prior COVID-19
(median CS = 82.08 vs vaccinated with prior COVID-19 = 63.14; p = 0.0020, Figure 3G). On the other hand, a lower
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Figure 3 Subpopulations of B cells after the second dose of the BNT162b2 vaccine. (A) Total B cells, (B) transitional B cells, (C) virgin B cells, (D) mature B cells, (E)
memory B cells, (F) plasmablasts, (G) early plasmablasts, and (H) double-negative B cells.

Notes: Differences between all groups were calculated with the Kruskal-Wallis test, followed by Dunn’s multiple comparison test. Data are provided as medians and
interquartile range (IQR).

Abbreviation: CS, Control Subjects.

frequency of double-negative B cells was maintained in the vaccinated group without prior COVID-19 compared to the
control group (median CS = 52.11% vs vaccinated without prior COVID-19 = 26.15%; p = 0.0011, Figure 3H), as
observed in the first dose. There was no difference in the frequency of these subpopulations between the vaccinated
groups (p > 0.05).

Dynamics of Generation of B Cells Subpopulations After the First and Second
BNT162b2 Dose in Individuals with and without Prior COVID-19

In Figures 4A and B, we observed that the percentage of total B cells (CD19+) does not vary between doses in
individuals with and without prior COVID-19 (p > 0.05).

For the subpopulation of transitional B cells, a low percentage of this cell population after applying the second dose
of BNT162b2 was observed in individuals without and with prior COVID-19 (p = 0.0056 and p = 0.0052, respectively;
Figures 4C and D). Virgin B cells percentage increased after the second dose of BNT162b2 in the groups without and
with prior COVID-19 (p = 0.03 and p = 0.01; Figures 4E and F). For early plasmablast, an increase after the second dose
of BNT162b2 in the groups without and with prior COVID-19 was observed (p = 0.0269 and p = 0.0586, respectively;
Figures 4G and H).

Figures 5A and B show that mature B cells did not change in both groups after the first and second BNT162b2 dose
(p > 0.05). Also, for memory B cells, there was no significant variation in both groups (Figures 5C and D; p > 0.05). On
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Note: Differences were calculated by the Wilcoxon signed-rank test.

the other hand, plasmablasts percentage decreased in both groups after the second dose of the BNT162b2 vaccine
(Figures 5E and F; p = 0.01, and p = 0.003).

The double-negative B cells decreased after the second dose of BNT162b2 in the groups without and with prior
COVID-19 (p = 0.0537 and p = 0.0078, respectively; Figures 5G and H).
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Note: Differences were calculated by the Wilcoxon signed-rank test.

Correlation Between Neutralizing Antibodies and B Cell Subpopulations
Maturation and differentiation of B cells will result in cells capable of secreting antibodies, being the primary function of
the humoral immune system, so we performed a general correlation analysis between the levels of neutralizing antibodies

and the B cell subpopulations induced by the BNT162b2 vaccine at each dose. In Table 2, we observed that the levels of
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Table 2 Correlation Between Neutralizing Antibodies After the First and Second BNT162b2 Dose with B Cell
Subpopulations

Ist Dose Correlation of Neutralizing Antibodies Percentage with: r-value p-value
Transitional B cells 0.6601 <0.0001
Virgin B cells (Naive) —0.3586 0.0250
Mature B cells —0.4950 0.0014
Plasmablasts 0.4729 0.0024
Memory B cells —0.0479 0.7721
Early plasmablast —0.0806 0.6258
Double negative B cells 0.3635 0.0229
Total B cells —0.0741 0.6541
2nd dose Correlation of neutralizing antibodies percentage with: r-value p-value
Transitional B cells —0.4525 0.0451
Virgin B cells (Naive) 0.0778 0.7443
Mature B cells 0.1092 0.6467
Plasmablasts —0.2181 0.3555
Memory B cells 0.0665 0.7805
Early plasmablast 0.2249 0.3405
Double negative B cells 0.0015 0.9950
Total B cells 0.1104 0.6432

Note: Analysis was evaluated by Spearman’s rank correlation coefficient.

neutralizing antibodies after the first BNT162b2 dose correlate with subpopulations percentages. There was a negative
correlation between the percentages of virgin and mature B cells (Figure 6B and C), whereas a positive correlation was
observed with subpopulations of transitional B cells, plasmablasts, and double-negative B cells (Figure 6A and D, and E;
p < 0.05). After the second BNT162b2 dose, only a significant correlation was observed between the transitional B cells
and the levels of neutralizing antibodies (Figure 6F; r = —0.4525, p = 0.0451).

To assess the effect of the previous infection, we analyze stratified groups with and without prior COVID-19. Table 3
shows that after the first BNT162b2 dose, there was a positive correlation between neutralizing antibodies percentages
and Transitional B cells in the group without prior COVID-19 (Figure 7A; r = 0.8424, p = 0.0048). In patients with prior
COVID-19, there were also positives correlation between neutralizing antibodies percentages with Transitional B cells
(Figure 7B; r = 0.3180, p = 0.0078) and plasmablasts (Figure 7D; r = 0.4854, p = 0.0174), whereas a negative correlation
was observed with mature B cells (Figure 7C; r = —0.6946, p = 0.005). Regarding the second BNT162b2 dose, no
significant correlations were observed in any study group.

Discussion

SARS-CoV-2 vaccines have reduced death and severe cases of COVID-19.>' However, the immunological mechanisms
of immunization of novel platforms as mRNA-based vaccines still have specific questions, one of which is related to
humoral immunity. The study’s objective was to analyze the dynamics of the subpopulations of B lymphocytes in
response to the BNT162b2 mRNA vaccine in people with and without a history of COVID-19, comparing the results
with a group of individuals not vaccinated against SARS-CoV-2.
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Analyzing the absolute numbers (frequency) of total B cells (CD19"), we did not detect significant differences
between unvaccinated and vaccinated individuals (first and second doses) with BNT162b2 with and without previous
COVID-19. There is no similar previous study to compare; however, Sosa et al reported a similar pattern in healthy
subjects and people who had fallen ill with COVID-19. Although no change was reported in the total number of B cells,
the frequency of some B cell subpopulations analyzed was modified in response to COVID-19 infection; therefore, they
suggested that changes in B cell subpopulations could serve as predictors of the antiviral response by the adaptive system
against SARS-CoV-2 and even as a potential marker.*” Based on these findings, it is possible that COVID-19 vaccination
could have similar effects on these cells.

In the present study, transitional B-cells predominated in vaccinated individuals with prior COVID-19 in the first
and second doses; especially, there was a significant difference compared to unvaccinated individuals in the first dose.
This cellular population has been involved in response to infectious processes;'*** Giltiay et al suggested a direct role of
this cell subpopulation in protecting against infections since they can be differentiated into plasma cells, mediated by
pattern recognition receptors.’* In COVID-19, these cells have been involved in the innate immune response;>* therefore,
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Table 3 Correlation Between Neutralizing Antibodies and Subpopulations of B Cells According to the Antecedent of COVID-19

Ist Dose, Individuals without Prior COVID-19 Correlation of Neutralizing Antibodies r-value p-value
Percentage with:
Transitional B cells 0.8424 0.0048
Virgin B cells (Naive) —0.5636 0.1944
Mature B cells —0.8788 0.0661
Plasmablasts 0.6485 0.1723
Memory B cells —0.0729 0.2768
Early plasmablast —0.1727 0.6526
Double negative B cells 0.6454 0.2031
Total B cells —0.0545 0.3880
Ist dose, individuals with prior COVID-19 Correlation of neutralizing antibodies percentage r-value p-value
with:
Transitional B cells 0.3180 0.0078
Virgin B cells (Naive) —0.6109 0.0863
Mature B cells —0.6946 0.005
Plasmablast 0.4854 0.0174
Memory B cells 0.4017 0.6706
Early plasmablast 0.4150 0.2043
Double negative B cells —0.3731 0.2584
Total B cells —0.2427 0.3261
2nd dose, individuals without prior COVID-19 Correlation of neutralizing antibodies percentage r-value p-value
with:
Transitional B cells —0.3701 0.2396
Virgin B cells (Naive) 0.3952 0.3346
Mature B cells 0.2196 0.8917
Plasmablasts —0.3764 0.5450
Memory B cells 0.3199 0.9566
Early plasmablast 0.7950 0.4898
Double negative B cells 0.6109 0.0981
Total B cells 0.1945 0.2215
2nd dose, individuals with prior COVID-1 Correlation of neutralizing antibodies percentage r-value p-value
with:
Transitional B cells —0.3766 03178
Virgin B cells (Naive) —0.1506 0.6989
Mature B cells 0.4328 0.2446
(Continued)
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Table 3 (Continued).

Plasmablasts —0.1674 0.6669
Memory B cells 0.1176 0.7631
Early plasmablast 0.0084 0.9830
Double negative B cells 0.1088 0.7806
Total B cells —0.2510 0.5147

Note: Analysis was evaluated by Spearman’s rank correlation coefficient.

it is necessary to characterize their role in this disease and other infectious processes. Based on the above, we suggest that
this increase in the frequency of transitional B cells in people vaccinated with BNT162b2 would be involved in
developing and maturation towards antibody-secreting cells.*® People vaccinated with prior COVID-19 reach slightly
higher values of neutralizing antibodies, unlike those without prior COVID-19,* which could be due to the increase of
this cellular subpopulation maintained in both doses of the BNT162b2 vaccine.

Instead, the frequency of mature B cells after the first and second doses in both vaccinated groups was higher than in
those unvaccinated individuals. It has been reported that this cell subpopulation correlates with the transition cells. This
can be explained because the increase in both subpopulations can indicate a stimulation process,®’ which the BNT162b2
vaccine could induce.

Mature B cells possess a B-cell receptor (BCR) with sufficient avidity of antigens that can interact with T follicular
helper cells to be activated and go into clonal expansion to generate germinal centers where somatic hypermutation takes
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place for generating optimal and specific antibodies.”® Brewer et al demonstrated that SARS-CoV-2-specific memory
B cells derive from virgin B cells (naive) in response to the BNT162b2 vaccine.*® Our study does not have this analytical
capability; however, we infer that the increase of this subpopulation in the group without prior COVID-19 compared to
the control group may indicate a cell maturation process for differentiation to memory B cells or plasma cells. Schulz
et al analyzed the role of virgin B cells in a particular group of immunocompromised people (where this subpopulation is
diminished) immunized with the mRNA-1273 vaccine (another mRNA-based vaccine) and concluded that virgin B cells
are associated with antibody levels and are a strong predictor for generating antibody levels (titers) comparable to the
vaccinated control group,*® which is consistent with the above.

Regarding memory B cells, in both doses of the BNT162B2, vaccinated people had less percentage of these cells than
unvaccinated individuals. So far, no studies report this pattern in vaccination; however, this result is consistent with those
reported by Biasi et al and Sosa et al, studies performed in patients with COVID-19 of different severity and control
groups. They reported lower memory B cells percentages than control subjects, proposing that this decrease is due to the
activation of pre-existing memory cells (specific for a different coronavirus of SARS-CoV-2, eg, endemic coronavirus
[endemic HCoVs] or SARS-CoV-1), to differentiate into plasma cells by cross-reaction.’**'** However, a more detailed
study is necessary to clear this finding since we find plasmablasts and not plasma cells in peripheral blood because these
cells are mainly found in the bone marrow.

Ciabattini et al reported the persistence of specific memory B cells against SARS-CoV-2 by vaccination with the
BNT162b2 vaccine for six months after the complete schema, with a peak seven days after the second dose and
a decrease after 180 days.”” We did not perform a long-term study, but with the above, we can speculate that the
BNT162b2 vaccine helps in the generation of memory B cells and that added to this would be necessary a long-term
comparative study between groups of people vaccinated with and without prior COVID-19 to determine the role of pre-
existing natural immunity.

Concerning plasmablasts, we observed an interesting behavior. During the first dose of the BNT162b2 vaccine,
plasmablasts were more frequent in vaccinated individuals than in unvaccinated; however, that result did not show
a statistical difference. Surprisingly, at the second dose, vaccinated individuals showed a lower frequency of plasmablasts
than those unvaccinated. This could be due to differentiation towards plasma cells in vaccinated individuals, as this
differentiation is necessary for antibody production.>® This hypothesis is supported by the study of Amanat et al, where
plasmablasts are related to the production of non-neutralizing antibodies; therefore, these cells must be differentiated to
produce neutralizing antibodies.**** On the other hand, He et al relate this subpopulation with a polyclonal response;
therefore, differentiation is necessary for a more specific response.*>** Additionally, the values of neutralizing antibodies
against SARS-CoV-2 shown in Table 1 are indicators that mRNA-type vaccines induce plasma cell differentiation in
vaccinated individuals, especially with a faster synthesis in those individuals with prior SARS-CoV-2.

Early plasmablasts are proliferative cells characterized by the central markers CD38'CD24 expressing low levels of
CD27'; they have been identified in response to the tetanus vaccine, showing a similar kinetics response to conventional
plasmablasts.*> In our study, we found a lower frequency of early plasmablasts in the immunized groups (without and
with prior COVID-19) at both doses of the BNT162b2 vaccine compared to CS; however, the intergroup dose analysis
shows an increase in this subpopulation after the second dose being more marked in the group without prior COVID-19.
Kardava et al studied the response of B cells in the Moderna COVID-19 vaccine (mnRNA-1273), showing a brief burst of
this subpopulation on day seven post-vaccination followed by a slower phase studied until day 60 post-vaccination.*®
This elevation is consistent with the intergroup increase in our analysis; on the other hand, the decrease of this
subpopulation in immunized individuals compared to CS could be due to the probable differentiation toward plasmablast
and plasma cells, as this subset increases the expression of BLIMP-I while maintaining the expression of PaxJ, two
transcriptional factors involved in differentiation to plasma cells.*” Complementary to the above, early plasmablasts have
also been related to an extrafollicular response, being producers of IgM-type antibodies before a rapid response to
antigen.*®

Double-negative B cells (CD27 IgD") are a subpopulation discovered in Systemic Lupus Erythematosus, an auto-
immune disease;49 however, recently, they have been involved in infectious processes, cancer, and vaccination.?’ The
present study shows that this cell subpopulation is lower mainly in vaccinated individuals without prior COVID-19 than
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CS. We did not find studies with similar findings to us; however, Ruschil et al reported an increase in circulating double-
negative B cells on days 4, 7, and 14 after vaccination against the influenza virus, being the peak on day 7; a similar
finding was observed for the vaccine against the encephalitis virus.® We detected a low frequency of this subpopulation
approximately 21 days after vaccination with BNT162b2, which could be an apparently opposite result to that previously
described; however, we suggest that the vaccination response to these cells could be fast (4—14 days) and then these cells
could be differencing after having presented an increase. This hypothesis is based on the fact that double-negative B cells
have characteristics of B cells experimented with antigen in terms of surface phenotype, proliferation response, and

30,51 moreover, other studies have described that this subset comes

patterns of somatic hypermutation to a lesser degree;
from activated virgin B cells and that they can further differentiate into plasmablasts through an extrafollicular
maturation pathway.'’

We are aware that the study has some limitations; the main one is that we do not have the baseline immunophenotypes
of B cell subpopulations of people vaccinated with BNT162b2 to observe the main changes. However, the comparison with
healthy unvaccinated individuals as a control group helps us to make an inference. The other limitation is that we do not
have the complete follow-up of all the individuals vaccinated in the first dose for issues beyond our control.

Regarding the role of prior SARS-CoV-2 infection in the dynamics of B cell subpopulations after vaccinations with
the BNT162b2, we observed that the groups with and without prior COVID-19 had the same behavior in all subpopula-
tions between the first and second dose of the vaccine. However, five subpopulations showed significant changes:
transitional B cells decrease after the second dose of the vaccine, virgin B cells (naive) increase with the second dose,
early plasmablast increase with the second dose, double-negative B cells decrease after the second dose of the vaccine
and plasmablasts are decreased by the second dose. These findings may suggest that transitional B cells increase after
vaccine-induced antigenic stimulation and that, similar to virgin B cells, they increase after the full vaccination schedule.
Therefore, these transitional B cells are maturing and differentiating to produce mature B cells capable of entering
a germinal center and generating antibody-producing cells.>® The latter could be supported because there was a reduction
of plasmablasts after the second dose since these cells need to differentiate into plasma cells in the bone marrow. Other
less frequent subpopulations, such as the early plasmablasts and double-negative B cells, could also differentiate into
plasma cells; however, they could be related to an extrafollicular response or thymus-independent.

This study has been unable to demonstrate that previous SARS-CoV-2 infection can significantly alter the dynamics
of B cells after immunization with the BNT162b2 vaccine. However, the production of neutralizing antibodies correlates
in a significant way with the subpopulations of B cells (transitional, mature, virgin, plasmablasts, and double-negative
B cells), specifically in the first dose of the BNT162b2 vaccine, where the neutralizing antibodies from individuals with
prior COVID-19 strongly correlate with transitional B cells (r=0.8424).

Therefore, it seems that after a second exposure to the antigen, there are no noticeable changes in the production or
proliferation of new B cells in peripheral blood; however, there is a faster and optimal production of neutralizing antibodies
with a single dose of the BNT162b2 vaccine in individuals with a history of COVID-19. This finding supports the proposal
of some authors that a single dose of the BNT162b2 vaccine in individuals with prior COVID-19 had similar results in

neutralizing antibody production than those without prior COVID-19 that receive a complete scheme (2 doses).”* >

Conclusion

Our results showed differences in B lymphocyte subpopulations in response to the BNT162b2 vaccine among vaccinated
(with and without prior SARS-CoV-2) and unvaccinated individuals. The plasmablasts were key cells for determining the
effect of the BNT162b2 vaccine. We observed a decrease of these cells after the second dose in vaccinated individuals,
which its differentiation could explain to plasmatic cells. On the other hand, there were slight variations among
vaccinated individuals with and without prior COVID-19 without significant differences. The findings support that this
mRNA vaccine can induce B cells’ cell differentiation and generates plasma cells that produce specific antibodies against
SARS-CoV-2.
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