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Quality of adaptive immune responses following a single dose of COVID-19 vaccine in general
population.

The COVID-19 pandemic has resulted in over 269 million cases and 5-3 million deaths worldwide as
of December 2021, with even higher numbers due to continuous emerging variants, leading to large-scale
disruption of societies. Although public health actions, such as lockdown measures, physical distancing,
and improved hygiene practices, can reduce the likelihood of transmission, only the COVID-19 vaccination
program has proven highly effective in reducing infection-related hospitalization and mortality in many
demographic subgroups. At the beginning of the vaccination programs, many countries decided to
prioritized vaccination of those at the highest risk of COVID-19 mortality and hospitalization, including older
population in nursing home residents and individuals with increased probability of exposure to COVID
patients (e.g., frontline health and social care workers). Furthermore, many countries decided to delay
administration of second doses to 8-12 weeks rather than the shorter 3-weeks interval according to the
manufactory’s recommended dosing. Decision behind the delay of the second dose was justified by
prioritization of the rapid administration of a single dose to a greater proportion of the population.

The main questions are whether the humoral and cellular immune responses following a single
and a delay second dose of the BNT162b2 mRNA vaccine (tozinameran; developed by Pfizer-BioNTech) i)
induces a similar level of protection against SARS-CoV-2 infection and ii) whether individuals with previous
SARS-CoV-2 infection are better protected against SARS-CoV-2 or other variants of concern compared to
vaccinated SARS-CoV-2 naive individuals?

Vaccination with any viral protein antigens usually result in both a cellular (T- lymphocytes known
as T-cells) and humoral (B- lymphocytes, known as B-cell) immune response capable of rapidly controlling
replicating pathogens or inactivating their toxic components. Vaccine-induced B lymphocytes produce
antibodies (e.g., IgG) against a toxin or a pathogen while CD8+ T lymphocytes may limit the spread of
infectious agents by recognizing and killing infected cells or secreting specific antiviral cytokines, such as
interferon gamma (IFNy), tumor necrosis factor (TNFa). The SARS-CoV-2 messenger RNA (mRNA) vaccines
BNT162b2 (Pfizer-BioNTech) and mRNA-1273 (Moderna) that encodes a SARS-CoV-2 spike protein induces

a persistent immune response that protects against the real virus if enters our bodies. Both vaccines have
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each shown more than 90% efficacy in preventing COVID-19 illness [1,2], however the longitudinal
assessment of humoral immune responses in the previous SARS-CoV-2 infected verses SARS-CoV-2 naive

vaccinated individuals has not been documented well.

B cell responses to mRNA vaccination

A recent study by Adrienn Angyal et al. showed both the humoral immune and cellular response following
a single and two doses of the BNT162b2 in a prospective cohort of healthcare workers recruited from five
sites in the UK between December 9, 2020, and February 9, 2021 [3]. Within healthcare workers (n=289)
with serological evidence of previous infection, who received a single dose of vaccination (n=145), the
median IgG antibody titers against SARS-COV2 spike protein was approximately 7:7 times higher than
post-vaccine concentrations in infection-naive individuals (median 270 373 [IQR 203 461-535 188] AU/mL,
p<0-0001). The SARS-CoV-2-naive individuals after a single BNT162b2 dose (n=119) were also protected
with 3.3 times higher a spike IgG antibody response compared to pre-vaccine antibody concentrations
(median 35 001 [IQR 17 099-55 341] AU/mL vs median 10 606 [IQR 4767-19 685] AU/mL, p<0-0001).
Notably, following two doses of BNT162b2, SARS-CoV-2-naive healthcare workers (n=25) had median
antibody concentrations of 180 904 (IQR 108 221-242 467) AU/mL, which were approximately 1-5 times
lower than those following one dose in previously infected healthcare workers (p<0-0001).

The magnitude of IgG antibody response after vaccination was then assessed in relation to age
in participants with and without previous infection. Increasing age was associated with lower antibody
titres (-0-0070 [log10] AU/mL per year; p=0-0009), particularly in SARS-CoV-2 naive individuals. The
magnitude of antibody response after vaccination was negatively correlated with increasing age (rs=-0.38,
p<0-0001), and was most notably decreased in those older than 60 years, whereas no such effect was
observed in previously infected participants (rs=0-014, p=0-87) or SARS-CoV-2 naive individuals who had
received two doses of the BNT162b2 (rs=-0.26, p=0.21). This observation was confirmed by Canaday et al.
study that showed a faster decay of antibodies in persons 65 years or older, with lower anti-SARS CoV-2
Spike protein and neutralizing antibodies at 2-6 months post vaccination [4].

Considerable differences in amount (titres) of IgG antibodies were observed between participants
who had previously been infected with SARS-CoV-2 and the time of their first vaccine dose. The paper
reported that the titres of IgG antibodies against SARS-CoV-2 spike protein increased with time since first
vaccination (rs=0.41, p<0.0001), suggesting that a longer time interval between infection and the first
vaccine dose was associated with greater boosting of antibody concentrations. The approach reported by
Angyal et al. [3] was limited in number of participants however, similar results reported by Gallais et al.[5],
showed two times higher IgG antibody response in previously SARS-CoV-2 infected individuals vaccinated
at 7-11 months after they had been infected with SARS-CoV-2 virus [5]. Noteworthy, the Angyal et al.
study included data on IgG antibody responses following BNT162b2 vaccine in infection-naive and
previously infected individuals to seasonal human coronaviruses (alphacoronavirus: HCoV-229E, HCoV-

NL63, and beta-coronavirus: HCoV-HKU1, HCoV-OC43), as well as SARS-CoV and MERS-CoV. The group
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found that a single BNT162b2 dose elicited antibody response to SARS-CoV and MERS-CoV spike protein in
both infection-naive and previously infected individuals (p<0.0001). Respectively, the highest antibody
response to both SARS-CoV and MARS-CoV, was recorded in individuals with single BNT162b2 dose in
SARS-CoV-2-infected individuals, along with infection-naive individuals following two doses, followed by
antibody response to a single dose in infection-naive individuals. Post-vaccine antibody concentrations
were higher for HKU1 (median 29 666 [IQR 12 454-48 789] AU/mL vs 14 636 [7659-33344] AU/mL,
p<0-0001) and OC43 (median 108 282 [50 278-175 835] AU/mL vs 48 353 [24 037-102 143] AU/mL,
p<0-0001) respectively in those with previous SARS-CoV-2 infection than in infection-naive individuals [3].
These results suggest that SARS-CoV-2 mRNA-based vaccination enables the generation of robust humoral
immunity.

A further interesting aspect reported in this paper is the ability of vaccination to protect against SARS-CoV-
2 variants of concern, such as lineage the alpha variant, initially reported in the UK (B.1.1.7)[6], beta
variant, initially reported in South Africa (B.1.351), Delta (B.1.617.2 and AY lineages) initially reported in
India [7] and Omicron (B.1.1.529 and BA lineages) variant, initially reported in South Africa which contain
mutations in the viral spike protein [8]. In the Angyal et al. study, the authors examined IgG antibody
responses to SARS-CoV-2 spike proteins to variants of concern using eighter a surrogate neutralisation or a
live virus neutralisation assay. The results showed similar titers of the antibody across infection-naive and
previously infected individuals to spike glycoproteins from the recently identified lineages [3].

Importantly, a single BNT162b2 dose resulted in substantially increased neutralizing 1gG antibody activity
against all of the viral variants tested. A higher anti-SARS-CoV-2 1gG antibody boost was detected in
healthcare workers with previous SARS-CoV-2 infection than in infection-naive healthcare workers (post-
vaccine median 29-7 [14:-6-37-4] units per mL verses 1-9 [1:4-3-2] units per mL, p=0-0006), with a
significant correlation between surrogate and live virus neutralization assays for both virus lineages B
(rs=0-91, p<0-0001) and beta (rs=0-78, p<0-:0001). This suggests that vaccination following prior infection
substantially increases the breadth of cross-reactive viral neutralizing antibodies. Similarly, Lustig et. al.
showed that with one BNT162b2 vaccine dose there is an increased in neutralizing activity by two orders of
magnitude against all variants tested (B.1.1.7 or alpha, B.1.351 or beta, P.1 and gamma) in previously
infected healthcare workers [9]. What remains to be investigated is whether the effects of a second
vaccine dose on neutralizing activity against variants of concern in naive persons and previously SARS-
CoV-2-infected individuals. Nevertheless, the susceptibility of the virial variant strains to neutralization
elicited by the BNT162b2 vaccine supports mass immunization as a central strategy to end the COVID-19

pandemic globally.

T cell responses to mRNA vaccination
Alongside antibodies, the immune system produces a battalion of T-cells that also can target viruses. Prior
studies have shown that memory B-cell responses tend to be short lived after infection with SARS-CoV-

1[10,11]. In contrast, memory T-cell responses can persist for many years. A recent study showed that
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SARS-CoV-2-specific memory CD4+ and CD8+ T cell responses are sustained in COVID-19 convalescent
individuals for 10 months regardless of disease severity [12]. Interestingly, the SARS-CoV-2 infection status
had a major impact on the profile of the memory CD4+ and CD8+ T cells in response to BNT162b2 mRNA
vaccine and markedly enhances adaptive immune responses.

As discussed in the Angyal’s manuscript, the T-cell response assessed by changes in the IFNy
concentration in the peripheral blood mononuclear cells (PBMCs) (measured by (enzyme-linked
immunospot (ELISpot) assay) increased in the SARS-CoV-2-naive individuals after a single vaccine dose
(median 55 [IQR 24-132] SFUs/106 PBMCs, p<0.0001). The response was lower than T-cell responses in
the previously infected healthcare workers (median 93 [IQR 48-161] SFUs/106 PBMCs) before vaccination.
A second vaccine dose in the infection-naive individuals further increased the T cell response and match
the level of the T-cell response to previously infected individuals after a single dose of vaccination (median
284 [IQR 150-461] SFUs/106 PBMCs, p<0-0001). In fact, a 5.2 times higher peak of the T cell response was
detected in the individuals previously infected compared to infection-naive individuals after a one dose of
vaccine. These findings have been confirmed by other groups and are useful to consider in any discussions
around vaccination strategy [13]. As expected, there was no significant change in T cell response to N
protein (a measure of immunity to natural infection) in either group.

The Angyal’s et al., have additionally compared the spectrum of cytokine responses in SARS-CoV-2-naive
(n=31) or previously infected individuals (n=31) and revealed that BNT162b2 vaccine alter the profile of
cytokine production. The IFN-y and TNFa protein expression levels were higher and correlated with S1 and
S2 CD4+ T-cell proliferation in previously infected individuals. Unfortunate, the intracellular cytokine
staining was performed only on the vaccinated individuals, and as presented the vaccination increase the T
cell responses, making it not possible to directly compare the cytokine expression level between
vaccinated and non-vaccinated individuals. The study also included functional expression analysis, where
overall similar profile of functionality in both CD4+ and CD8+ T cells were showed. One limiting factor of
the study were the low numbers of individuals included, especially the for CD8+ T cells response (n=4 and
n=3 previously infected) therefore there might have been a bias towards the selection of individuals with
stronger pre-existing immune capacity.

It is well appreciated that the vaccine-induced T-cell responses to four separate peptide pools
spanning the breadth of the spike protein (spikel-330, spike321-645, spike636-690, and spike950-1273;)
were identified in both previously infected and infection-naive individuals. Responses in individuals with
previous infection were characterized by the dominance of responses to spikel-330 and spike636-690 in
some individuals, compared to a more balanced response across all peptide’s pools follow by a single
BNT162b2 dose. This phenomenon may suggest boosting of sub-dominant responses towards epitopes
that were previously below the limits of detection in previously infected individuals. This finding should be
emphasized as broadening of the T-cell response with vaccination following natural infection provides

substantially enhanced immune protection.
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Discussion

The results shown by Angyal et al. that BNT162b2 vaccination elicits a strong IgG antibody response
against SARS-CoV-2 as well as other SARS-CoV or MARC-CoV variants although with a markedly lower
response. The second vaccination dose induced the typical booster increase in 1gG antibody as expected
for a nonimmune population. The median responses to SARS-CoV-2 and SARS-CoV were 7.7 times and 6.7
times greater the pre vaccination levels, respectively. In individuals previously infected the antibody
response increased 15 times higher compared to naive individuals [3]. The reasons for the strong
enhancement of humoral immunity by previous natural infection are yet to be determined.

The author of “T-cell and antibody responses to first BNT162b2 vaccine dose in previously infected and
SARS-CoV-2-naive UK health-care workers: a multicentre prospective cohort study” also observed a
progressive increase in the percentage of CD4+ CD8+ T cells response following BNT162b2 vaccination
with domination of CD4+ response in previously infected individuals, in contrast to infection-naive
individuals who after BNT162b2 vaccination showed balanced CD4+ and CD8+ response. These
observations supports that there is potential protection against multiple viral variants of concern within
previously infected and single-vaccinated people. As explain by the author, broadening of the T-cell
response could lead to more effective protection against emerging SARS-CoV-2 variants with antibody-
escape mutations. Therefore, increasing the proportion of the population immunized with current safe and
effective authorized vaccines should remain a key strategy to minimize the emergence of new variants.
One major limitation of this study includes the fact that 80% of the participants were young, healthy
females. Generally, among adults of reproductive ages, females have greater antibody responses than
males, higher IgG levels, and higher B cell numbers [14-16]. Previously, it has been shown that adult
females have higher antibody responses to diverse vaccines against, influenza, hepatitis B, yellow fever,
rabies, herpes, and smallpox viruses [17-20]. The same pattern can be seen after BNT162b2

vaccination [21]. Furthermore, changes in the humoral immune response during aging has been described
and associated with an increased susceptibility to infectious diseases in older adults [22,23]. Notably,
study by Collier et al., reported vaccine response to be lower in older population [23].

Furthermore, the effect of mutation only in the SARS-CoV-2 spike protein was considered. Mutations
outside the spike gene could also affect viral replication and host immune response.

In summary, after vaccination, infection-naive individuals developed antibody responses similar to those
seen in naturally infected persons before vaccination, however vaccination is required to markedly
enhance adaptive immune responses in both groups, previously infected and SARS-CoV-2-naive. The
expedited second vaccine dose administration is advisable to deliver particularly to SARS-CoV-2-naive and

older population, particularly where variants of concern are circulating.
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