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EDITORIAL

Hybrid immunity: the immune response of COVID-19 survivors to vaccination

Marlon Gancino?, Nelson Santiago Vispo?

y the time writing this editorial, around nineteen

months (Dec 2019) has passed since the first report

of a Severe Acute Respiratory Syndrome Coronavi-

rus 2 (SARS-CoV-2) outbreak in individuals of Wuhan,
China'. Also, it has been more than sixteen months (Mar 2020)
since the declaration of the Coronavirus disease 19 (COVID-19)
pandemic by the World Health Organization (WHO)% The evo-
lution and rapid scattering of this novel coronavirus have tra-
pped in an unprecedented global public health crisis, which, so
far, has reached 196,553,009 people around the globe, provo-
king 4,200,412 deaths (31st July 2021)*.

The global endeavor of defeating contagion has achieved
groundbreaking events such as the fastest development and
massive application of effective vaccines in history? Currently,
+500 SARS-CoV-2 vaccines are being developed over the full
spectrum of platforms (i.e., non-viral vector, viral vector, inac-
tivated and live-attenuated virus, and recombinant vaccines);
some of which are already pre-clinical and clinical studies?®.
Remarkably, ten vaccines are already available on the market*,
from which, by the end of July 2021, +3800 million doses have
been administered’. Complemented by non-pharmaceutical
strategies (e.g., restrictions on international mobility), inducing
protective immunity to SARS-CoV-2 massively until attaining
herd immunity appears to be the definitive solution to overco-
me this pandemic®.

We are reaching milestones daily, so some exciting ques-
tions have been raised about immunological memory — the
fundamental of protective immunology. This response coor-
dinated by a synchronized orchestra of antibodies, memory B
cells, memory CD4+ T cells, and memory CD8+ T cells re-
mains poorly understood®. Either infection (natural immunity)
or vaccination (vaccine-induced immunity) can trigger immu-
nological memory against SARS-CoV-2, and all nuances in
such complexity may provoke different biological outcomes’.
Diverse investigations have concluded that either path to im-
munity can confer specific protection to COVID-198 . Moreo-
ver, they have discussed the question: what does it occur when
these immunities are overlapped? Acquiring knowledge on the
immune response dynamics that convalescent individuals who
are subsequently vaccinated develop is essential. The deep
understanding of this “hybrid immunity” will allow the design
of appropriate vaccination regimes for the vast population of
previously infected individuals*?.

Observations on the response kinetics of immune me-
mory from naturally immunized cohorts have found that ~95%
of subjects can develop a stable immunity against reinfection,
which may last moderately declining over a year after symp-
toms onset®'®, Relevantly, such protective immunity suffers
a considerable weakening in the face of current circulating
SARS-CoV-2 variants of concern (VOCs) - i.e., B.1.1.7 (Alpha),
B.1.351 (Beta), P.1 (Gamma), and B.1.617.2 (Delta) - when com-
pared with the wild-type Wuhan-Hu-1 variant“*+6, As identi-
fied by previous works, multiple spike (S) protein mutations
in VOCs explain their ability to escape neutralization antibody
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activity partially, making the acquired natural protective im-
munology less effective’?,

Although to a milder degree, reduction to VOCs neutra-
lization has also been seen in vaccine immunized people'.
Currently, four main types of vaccines govern the market:
mMRNA-lipid nanoparticle-based non-viral vectors (BNT162b2
by Pfizer-BioNTech, and mRNA-1273 by Moderna), adenovi-
rus-based viral vectors (ChAdOx1-nCoV-19 by AstraZeneca,
Ad26.COV2.S by Johnson & Johnson, Ad5-nCoV by CanSino
Biologics, and Sputnik V by Gamaleya), inactivated virus (Co-
ronaVac by Sinovac, BBV152 by Bharat Biotech, WIBP-CorV
by Sinopharm (Wuhan), and BBIBP-CorV by Sinopharm (Bei-
jing)), and recombinant protein subunits (NVX-CoV2373 by
Novavax)®*. Phase 3 clinical trials showed good overall vac-
cine efficacies that ranged from ~95% (BNT162b2) to >50%
(CoronaVac) at preventing COVID-19 illness, commonly af-
ter a two-dose prime-boost regime?’. In such a sense, it has
been observed that vaccination protection effectiveness sli-
ghtly reduces against VOCs, Delta variant being associated
with the highest transmissibility and ability to avoid antibody
neutralization'®. However, although less potent to VOCs, pre-
liminary research suggests that vaccines probably remain
efficacious®1618 Now, it is statistically modelized that vacci-
ne-induced neutralization activity would decay in a long non-li-
nearly fashion, causing the vaccines with initial efficacy of 95%
to preserve 77% efficacy in a 250-day span'®.

Identifying the differences between natural and vacci-
ne-induced immunities directs us to the proper interrogation:
what is there at their interface? As mentioned earlier, nume-
rous research groups have addressed this question, and their
results suggest that hybrid immunity has a more robust pro-
tective performance than either immunity. In a synergistic cha-
racter, researchers have seen that previously infected vacci-
nees mount cross-variant neutralization reactogenicity to the
first vaccine dose, which equals or surpasses the observed in
naive individuals after the second vaccine shot®7811162021,

Reports in this regard informed the occurrence of anam-
nestic reactions in diverse cohorts of previously infected vacci-
nees after receiving the first vaccine dose of either BNT162b2,
MRNA-1273, or ChAdOx1-nCoV-19 with no apparent improve-
ment after the second dose”®'1"2, According to Goel et al.
and Kramer et al., as anticipated, only COVID-19 survivors pre-
sent detectable levels of immunoglobulin G (IgG) antibodies
specialized to recognize the full-length SARS-CoV-2 S protein
(anti-S IgG) or the SARS-CoV-2 spike receptor-binding domain
(RBD) (anti-RBD IgG) — antibodies associated with SARS-
CoV-2 neutralization responses- before vaccination'’??, As
observed, titers of anti-S IgG and anti-RBD IgG are higher in
individuals with a history of SARS-CoV-2 infection pre- and
post-vaccination (compared with naive subjects at the exact
sampling times)*"?°%, The first vaccine dose induces a variable
and inadequate response of neutralizing antibodies genera-
tion in SARS-CoV-2-unexposed individuals, which boosts the
second vaccination?4, Contrary, the first vaccine dose triggers
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a uniform and rapid amplification of anti-S IgGs and anti-RBD
IgGs titers in SARS-CoV-2 experienced individuals'®, While
naive and COVID-19 asymptomatic vaccinees' antibody titers
are significantly boosted after the second vaccine dose?, no
significant improvement has been detected in participants
with preexisting immunity after the boosting dose, suggesting
a possible plateau in the neutralization antibody activity®2°,

Interestingly, as informed by Ebinger et al.,, neutralizing
antibodies levels in naive individuals who received the first vac-
cine dose were slightly higher when contrasted with the base-
line state of previously infected individuals®. In their research,
neutralizing antibody levels were statistically similar in both
groups, only if compared to the group of previously infected
individuals after the first dose with the group of naive indivi-
duals after completing a two-dose vaccination regime?. Also,
higher frequencies of vaccine-related systemic side effects
(e.g., fever, headache, muscle pain, and fatigue) have been as-
sociated with COVID-19 convalescent individuals and high IgG
responses’.

As a complement, the humoral immune response of
SARS-CaoV-2-exposed individuals is boosted above the pro-
tective threshold after the first vaccination dose, even against
VOCs®18, Planas et al. noticed that sera from previously infec-
ted one-dose vaccinees displayed a significant increase in neu-
tralizing antibody titers against Alpha, Beta, and Delta SARS-
CoV-2 variants, in contrast with non-vaccinated convalescent
people'®. On the contrary, such cross-variant neutralization
activity was observed in naive individuals just days after the
second vaccine immunization. Therefore, these emerging data
highly advise that SARS-CoV-2 experienced individuals subse-
guently vaccinated may develop a broad protective immunity
against all spreading VOCs'16,

Every compartment of the adaptative immune systems
is probably involved in prompting this non-anticipated hybrid
immunity behaviour’. Broadly, as part of the immune response
against infection, long-live memory B cells by a previous induc-
tion of T cells (specifically, T follicular helper cells) start com-
piling mutations in immunoglobulin variable gene sequences
(somatic hypermutations (SHM)) in favor of a future genera-
tion of high-affinity antibodies®®. Thus, evolved memory B cells
can be recruited post-vaccination, which will differentiate into
plasma cells producing highly potent neutralizing antibodies!®.
It has been observed that memory B cells continue accumu-
lating somatic mutations over 12 months in germinal centers
in individuals who have recovered from COVID-19%*%, Those
mutations accumulated long after infection are, indeed, thou-
gh accountable for the high potency in serum neutralization
activity of the convalescent vaccinee cohorts against VOCs*.
Although the study performed by Goel et al. it was not found
any change in the levels of SHMs in memory B cell clones from
convalescent individuals as a response to vaccination!’, naive
vaccinees also would enter into this memory B cell matura-
tion after antigen exposure (vaccination), if analyzed after long
spans'?,

The prime-boost regime strategy chose for most vaccines
relies on mounting protective responses through memory re-
call to antigen reexposure’. The natural SARS-CoV-2 infection
primes convalescent populations. This primary encounter with
the virus promotes the previously infected individuals to deve-
lop a T cell memory response to a vast epitope repertoire of
the 25 SARS-CoV-2 proteins (S and non-S viral proteins), which
according to several studies, are maintained in VOCs"'5%, Most
commercial vaccines induce a protective response using only
the SARS-CoV-2 S-protein®’, Accordingly, vaccine priming
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activates a T cell memory to a restricted number of epitopes
in naive individuals (compared to SARS-CoV-2-exposed indivi-
duals)’. Therefore, the reactivation of broad infection-primed T
cell memory response and the recruitment of long-live muta-
ted memory B cell after first vaccine dose in SARS-CoV-2-ex-
posed individuals probably play a role in the astounding res-
ponse kinetics of hybrid immunity?°.

The boosting vaccine dose produced in B and T cell ki-
netics is remarkably similar to the one observed in the sero-
logical analysis. That is, boosting effect of the second vacci-
ne dose was only observed in naive individual®*"?0, Humoral
and cellular immunity of convalescent vaccinees may reach
an activity plateau after the first vaccine dose?. In this sense,
the study of Lozano-Ojalvo et al. reported a reduction in T cell
responses in COVID-19 recovered individuals after the second
vaccine dose?. Taken together, those results reveal that con-
valescing individuals may request an alternative vaccination
regime different that the current prime-boost one developed
in naive individuals.

Global health systems are still battling a colossal challen-
ge aggravated by the shortage in vaccine supply and the occu-
rrence and dissemination of VOCs®>?. Vaccine policies are being
discussed worldwide, proposing several strategies to address
herd immunity to protect their populations®?4, A clear exam-
ple was seen in the United Kingdom when authorities approved
extending the time interval between vaccine dosages to apply
the first vaccine immunization to the most significant number
of citizens®. However, as above expose, one dose in naive indivi-
duals may not be enough to protect them from VOCs, such as
the Delta variant'.

Hybrid immunity can become a turning-point opportunity
to defeat the infection in context with the current pandemic
scenario. Adopting policies aligned with the data mentioned
above may be particularly beneficial for regions like Latin
America. While this region shares only ~5% of the world po-
pulation, it accumulates +16% of the ~200 million COVID-19
total cases, so far reported’. Acknowledging the reduced
diagnostic capabilities of these countries, this entire area is
probably one of the most affected globally, leading to one of
the more numerous populations of convalescent people. From
both an economic and pharmacological perspective, applying
a one-dose regime of pertinent vaccines to convalescent indi-
viduals is sustainable®. As COVID-19 survivors may need just
one vaccination to achieve high levels of protective immunity,
massive antibody screening for SARS-CoV-2 spike antibodies
could help prioritize and free up doses, optimize vaccine supply
efficiency, and surpass problems linked to the current vaccine
manufacturing bottleneck5?526,

Finally, as all cited reports were performed considering
vaccines developed over only mRNA-lipid nanoparticle-based
non-viral vectors and adenovirus-based viral vectors, it is vi-
tal to extend the research to the rest of marketed vaccines
and figure out if the same “hybrid immunity" principles apply
to them.
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