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Opinion

COVID-19 and the Path to Immunity

The emergence of adaptiveimmunity in response to the
novel Betacoronavirus, severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2), occurs within the first
7 to 10 days of infection." Understanding the key fea-
tures and evolution of B-cell- and T-cell-mediated adap-
tive immunity to SARS-CoV-2 is essential in forecasting
coronavirus disease 2019 (COVID-19) outcomes and for
developing effective strategies to control the pandemic.
Ascertaining long-term B-cell and T-cell immunological
memory against SARS-CoV-2 s also critical to understand-
ing durable protection.

A robust memory B-cell and plasmablast expan-
sion is detected early in infection,? with secretion of
serum IgM and IgA antibodies by day 5 to 7 and IgG by
day 7 to 10 from the onset of symptoms. In general,
serum IgM and IgA titers decline after approximately
28 days (Figure), and IgG titers peak at approximately
49 days. Simultaneously, SARS-CoV-2 activates T cells
in the first week of infection, and virus-specific memory
CD4" cells and CD8" T cells reportedly peak within
2 weeks but remain detectable at lower levels for
100 or more days of observation. Grifoni et al' and
others>® have identified SARS-CoV-2-specific memory
CD4" T cells in up to 100% and CD8* T cells in approxi-
mately 70% of patients recovering from COVID-19.
Although severe COVID-19 is characterized by high-viral
titers, dysregulated innate inflammatory cytokine and
chemokine responses and prolonged lymphopenia,
antibody-dependent enhancement or dominant
CD4" T,,2-type cytokines (eg, IL-4, IL-5, IL-13) do not
appear to contribute to acute COVID-19 severity.

The magnitude of the antibody and T-cell re-
sponses can differ and be discordant among individuals
and is influenced by disease severity (asymptomatic,
mild, moderate, or severe). The immune correlates of
protection are not yet defined for COVID-19, but neu-
tralizing antibodies, especially those that recognize the
viral receptor binding domain (RBD) and other epi-
topes on the spike protein that prevent subsequent
angiotensin-converting enzyme Il receptor binding,
membrane fusion, and viral entry, is one path to immu-
nity. The magnitude of the anti-SARS-CoV-2 IgG
and IgA titers to the spike protein correlates in conva-
lescing patients with CD4" T-cell responses'; and the
magnitude of IgG1 and IgG3 RBD enzyme-linked immu-
nosorbent assay (ELISA) titers correlates strongly with
viral neutralization.>3

The generation of neutralizing antibodies
directed at the spike protein is a basis of multiple
human vaccines in clinical trials” to counteract SARS-
CoV-2, and virus neutralization is the basis of potential
therapeutic and preventive monoclonal antibodies
also currently in human clinical trials. Such virus neu-
tralizing antibodies are protective in animal models of
SARS-CoV-2 infection. Potent neutralizing antibodies

and T,,1-biased CD4" T-cell responses to the spike pro-
tein protect against SARS-CoV-2 infection in the lungs
and nasal mucosa of nonhuman primates without evi-
dence of immunopathological changes.® The RBD
region of the SARS-CoV-2 spike protein shows little
sequence homology to the seasonal coronaviruses.?
Although variants in the SARS-CoV-2 spike protein
(eg. D614G) may be a concern, SARS-CoV-2 has a low
variation rate and so far, such variants have not been
shown to reduce the recognition of RBD epitopes
important for antibody neutralization.

Recent reports have demonstrated a decline in
IgG neutralizing antibodies to SARS-CoV-2 in convales-
cence, raising apprehension of susceptibility to rein-
fection. Antibody levels always decline after the acute
phase of infection because most of the plasmablasts,
the "effector” response of B cells, induced during the
first weeks after infection are short-lived. A similar pat-
tern is seen with the effector CD8" T-cell response.
After this reduction, serological memory is then main-
tained by the smaller number of long-lived plasma cells
that reside in the bone marrow and constitutively
secrete antibody in the absence of antigen. The anti-
body recall response comes from this pool of memory
B cells that are also long-lived. In fact, rare circulating
memory cells have been shown to produce highly
potent neutralizing antibodies when serum neutraliz-
ing titers are low.? Thus, an early decline of neutralizing
antibody levels should not be of concern. The key is at
what levels the antibody titers stabilize after natural
infection or vaccination. This represents the genera-
tion of long-lived plasma cells to protect against subse-
quent infection.

About one-third of patients who have recovered
from COVID-19 do have antibodies with low anti-RBD
titers and low viral neutralizing activity, especially
among those who have had mild or asymptomatic dis-
ease. Given the wide range of clinical disease, this vari-
ability in the antibody responses among patients with
COVID-19 is expected. Antigen burden is a major driver
of the magnitude of the response, as notably the high-
est neutralizing antibody titers are found in severe
disease,® but other factors also could be involved.
Based on models of immunity and reinfection dynam-
ics of the common cold coronaviruses, human corona-
virus (HCoV) 0C43, HCoV 229E, and HCoV HKU1, lim-
ited protective immunity to SARS-CoV-2 has been
suggested. In a study involving a human challenge to a
circulating coronavirus (HCoV 229E), IgG and IgA anti-
bodies waned over the first year after viral nasal chal-
lenge suggesting that protection against repeated
infections with common cold coronaviruses lasts only 1
or 2 years.? However, following experimental rechal-
lenge with the same HCoV 229E strain at 1year, no indi-
viduals who had been previously infected developed
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Figure. Adaptive Immunity to Coronavirus Disease 2019
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Generalized model of T-cell and B-cell (plasmablast, antibody) responses to
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection
projected over 1year following infection. Neutralizing antibodies, memory
4 B cells, and CD4* and CD8* memory T cells to SARS-CoV-2, which are

generated by infection, vaccination, or after reexposure, are key to the path to
immunity. The dotted lines represent peak B-cell, T-cell, and antibody responses
following infection.

a cold and all had a shorter duration of detectable virus shedding.
Thus, at least strain-specific immunity to clinical coronavirus dis-
ease may be preserved despite rapid waning of antibodies. In non-
human primates, SARS-CoV-2 infection protects against
reinfection.’® More than 8 months into the outbreak and after mil-
lions of infections globally, anecdotal case reports of reinfection
mostly after initial mild COVID-19 illness are appearing. Although
the complete immune profile of these individuals is not clear, rein-
fection with SARS-CoV-2 suggests that the natural human immune
response may not provide sterilizing immunity but that it may
shorten viral shedding, reduce spread, and prevent disease.
SARS-CoV-2-specific CD4* and CD8* memory T cells are also
generated in asymptomatic to severe disease,">*® which exhibit
cytotoxic activities and express antiviral cytokines, features that
may control viral replication and prevent recurrent severe infec-
tions. Analysis of CD4" T cell responses indicate a predominant
polarization to a T,,1 type,' although the roles T,17 and T,;2 cyto-
kines and cytotoxic T cells have in patients with COVID-19 acute
respiratory distress syndrome needs greater clarity. Individuals
with mild or asymptomatic disease are reported to exhibit robust
memory T-cell responses months after COVID-19 infection. How-
ever, it is unknown whether memory T cells in the absence of
detectable circulating antibodies protect against SARS-CoV-2.
Thus, identification of SARS-COV-2-specific T cells or their molecu-
lar receptor footprint* may have future utility to assess SARS-CoV-2
exposure before antibodies arise and after their decline. At pre-
sent, a full understanding of T-cell contributions in the prevention
of severe COVID-19 is limited by the use of different methods
to identify and profile these responses and by their use largely in
cross-sectional analyses of disease groups. Moreover, investiga-
tions have focused on circulating T-cell responses in acute COVID-
19, often during periods of marked lymphopenia®; thus, little
is known of their functional capacity in the lung and other tissues
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to exert an antiviral protective or cytotoxic immunopathogenic role
in convalescence.

Substantial data now demonstrate the presence of preexisting
T-cell immunity to SARS-CoV-2 in blood donors either prior to the
COVID-19 pandemic or more recently among those without
infection.">® Memory CD4" T cells are found in higher frequencies
thanare CD8" T cells, and these likely represent responses induced
by previous infection with other human endemic betacoronavi-
ruses known to cause the common cold. Such T cells can recognize
known or predicted epitopes' within the nucleocapsid (N protein)
and spike structural proteins as well as the nonstructural proteins
(NSPs), NSP7 and NSP13.° SARS-CoV-2 reactive T cells are also seen
in household contacts of patients infected with SARS-CoV-2, and fu-
ture studies may determine if cross-reactive T cells from previous
coronavirus infections have been boosted with exposure to SARS-
CoV-2. The biological implications of these findings will be signifi-
cant if the preexisting T cells shape the immune repertoire to SARS-
CoV-2 exposure and following vaccination as well as influence the
severity of COVID-19. Overall, these data suggest T cells are an-
other level of population-level immunity against COVID-19.

Seroprevalence data (antibodies to the SARS-CoV-2 spike pro-
tein) estimate that there may be 10 times more SARS-CoV-2 infec-
tions than the number of reported cases. Thus, it is possible that
40 million to 50 million (12% to 15% of the US population) to date
may have been infected with a detectable serological response to
SARS-CoV-2. However, relying on population-based natural immu-
nity, especially for populations at risk of greater disease severity, is
not wise. Boosting specific neutralizing antibodies and T,,1immu-
nity to high levels with an effective vaccine regardless of prior
immune status may further protect these individuals.

COVID-19 vaccines in development designed to prevent clini-
cal infection, disease severity, or both show the induction of an an-
amnesticimmune response to the spike protein with asecond dose’
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and can generate high levels of neutralizing antibodies comparable
with or greater than those seen in sera samples from patients. The
induction of sufficient CD4* follicular helper T cells and inclusion of
vaccine boosts, employed for several other vaccines where circu-
lating antibody levels are critical for protection, may be needed to
maintain levels of anti-SARS-CoV-2 neutralizing antibodies. Boost-
ing antiviral CD8" and T,;1CD4" T cells recognizing spike and epi-
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topes from other conserved regions of the proteome may also be
crucialin limiting replication and disease severity. SARS-COV-2 may
well follow the path of previous coronaviruses and become en-
demic in the population as another common cold virus.

Thus, in the few “short” months since recognition of this virus,
2 keys paths to COVID-19 adaptive immunity are being unraveled and
vaccines exploiting this knowledge are in rapid development.
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