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ABSTRACT

The global pandemic of coronavirus disease 2019 (COVID-19), caused by novel severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), was
recognized using of next-generation sequencing. The pandemic is associated with respiratory distress syndrome, hyperinflammation, and high mortality
making it a major public health concern. It is essential to explore the pathogenetic pathways to conclude a definite therapeutic approach. However, the
crisis of the COVID-19 pandemic altered the equilibrium between waiting for substantiating results before determining whether to use the therapy or
generating evidence during regular patient care, in support of the second choice. This review describes various key controversies and challenges of SARS-
CoV-2 immunity, convalescent plasma therapy, and treatment outcomes. It further highlights the emerging vaccine therapy and future strategies for the

treatment of COVID-19.
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INTRODUCTION

Severe acute respiratory syndrome coronavirus-2 (SARS-
CoV-2), also known as coronavirus disease 2019 (COVID-19),
has emerged as a serious pandemic infecting about 17 million
humans and causing nearly 7 lakh deaths worldwide.! SARS-
CoV-2 reportedly originated in wet markets of Wuhan City,
China, in December 2019. Since then, it has spread to many
countries and impacted global economy and employment,
bringing the world to a standstill. Viral transmission among
the human population occurs primarily through aerosol and
fomites.”) The novel coronavirus, on entry into the human
body, induces a severe acute respiratory syndrome, termed
COVID-19.5 Nearly 80% of individuals infected by the virus
present with asymptomatic or mild forms of COVID-19,
while about 20% progress to severe stages of the disease,
often requiring ICU admission and ventilation.”! Immune
responses play a key role in governing the clinical evolution
and progression of COVID-19. In the absence of a registered
vaccine, current therapeutic interventions for this disease
include antiviral agents and immune modulating treatments.’

While the role played by humoral and cell-mediated
immune responses in other viral infections have been well-

characterized, scientists and clinicians are still struggling
to understand these immune responses in the context of
COVID-19. This review paper describes some of the key
controversies and challenges surrounding SARS-CoV-2
immunity that modern medicine is trying to address.
Finding solutions to these challenges would offer clinicians
and researchers with a more holistic insight into the
etiopathology of this infection, aiding vaccine design and the
drug development.

ANTIBODY RESPONSES

Antibodies play crucial roles in combating viral infections.
Humoral immunity against a virus is usually achieved a
result of direct antibody-mediated responses that interfere
with viral entry and replication into host cells, as well as
indirect ones that facilitate communication between innate
and adaptive immune cells, warning them of the presence
of a viral pathogen and virally infected cells/tissues.”” To
successfully combat viral infection, these virus-elicited
antibodies in individuals must engage in surveillance
and protection against current infection and potential
reinfections.
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A recent study by researchers at Kings College London
reported that SARS-CoV-2 antibodies rapidly declined in
patients, falling to nearly undetectable levels in some patients
2 months post-infection.” IgM and IgA levels witnessed
a more rapid decline in comparison to IgG levels, which
were found to remain at heightened and detectable levels
for nearly three in most patients. Interestingly, when these
results were compared on the basis on symptom severity, the
previously described heightened levels of IgG antibodies were
undetectable 60 days after symptom onset in a few patients
who had experienced mild symptoms.”’ The researchers
also discovered that patients with milder forms of infection
had fewer antibodies at their peak. Such patients, with
diminished peak antibody levels, were more likely to present
with undetectable levels of these antibodies after 60 days."! It
is also interesting to note that not all individuals who present
positivity in diagnostic molecular test results have detectable
levels of IgG.®! Moreover, neutralizing antibody levels in
some patients are almost undetectable.”’) These findings
bring to light important concerns surrounding protective
immunity and the duration for self-isolation/quarantine.

Neutralizing antibodies are a class of antibodies produced
in response to viral attack and function to block viral entry
into host cells. Several studies have reported that NAD levels
remain high for a few weeks post-infection and eventually
begin to decay.'” It is now known that individuals with a
more severe form of infection present higher levels of NAbs
in their sera in comparison with those who with milder or
asymptomatic infections.!"! It is speculated that the higher
viral load in individuals with severe infection results in
the generation of a greater number of antibodies which
last for long periods of time. However, what we still do not
understand is what levels of these neutralizing antibodies
are required to prevent SARS-CoV-2 reinfection. At present,
there are no available effective assays to determine these
levels of neutralizing antibodies in patients/donors, due to
restrictions including the requirement of a live virus and
BSL-3 facilities.

Keeping these findings in mind, some of the most important

questions surrounding antibody responses in SARS-CoV-2

that currently remain unanswered and require further
research and clinical validation include:

1. Do antibody responses play a role in why some
infected individuals only present mild symptoms or are
asymptomatic, while others suffer from a more severe
infection? Do these responses also govern disease
progression and recovery, if so, to what extent?

2. Why are delayed and weaker antibody responses
associated with severe clinical outcomes?

3. Why do not positive diagnostic test results always
correlate with presence of IgG and neutralizing
antibodies?

4. Is the quantification of antibody levels actually an
effective way of monitoring SARS-CoV-2 immunity?

From the current data, asymptomatic individuals and those
with milder form of infection seem to be at a higher risk of
reinfection on account of rapid antibody decay. Whether
the presence of cell-mediated immune responses, such as
those mediated by virus-specific T-cells confers long-term
immunity in these individuals in the absence of antibodies,
requires further research and validation. There might also
be other classes of antibodies, in addition to NAbs which
may play a key role in combating SARS-CoV-2 primary
and secondary infections."”? A group of researchers at the
University of Montreal has proposed to study the role of
antibodies that bind to infected cells and mark them for
execution by immune cells - a process called antibody-
dependent cellular cytotoxicity — in responses to SARS-
CoV-2.01

CELL-MEDIATED IMMUNE RESPONSES IN
SARS-COV-2

From the above discussion, it is quite clear that antibody
responses are only part of the picture. Cell-mediated
immunity in the form of T-cells, which can identify and kill
cells infected by a pathogen, is another typically long-lasting
element of immunity. Hence, it is possible those who have
been infected, but have negligible antibodies, have some
T-cell-based resistance to SARS-CoV-2. A recent study
conducted in Sweden, reported that despite testing negative
for SARS-CoV-2 antibodies, patients are likely to have active
T-cell responses against the virus.®! However, whether this
T-cell immunity is likely to prevent reinfection and provide
long-lasting protection against the virus is something that
requires further research. The interaction of humoral and
cell-mediated immunity and their respective longevity against
SARS-CoV-2 requires more research, especially in context of
the ongoing vaccine trials and our theories of herd immunity.
In an attempt to understand the interplay between cellular
and humoral responses specific to SARS-CoV-2, researchers
recently identified an interesting correlation between NAb
titers with the number of virus-specific T-cells." Although
this requires further validation, these preliminary findings
do guide us to the interesting possibility of whether virus-
specific T-cell levels could be used as a surrogate marker
of SARS-CoV-2 immunity in patients. The use of these
cellular assays would help overcome the limitations posed
by typical NAb assays, since they do not require the presence
of a live virus or BSL-3 facilities. It also leads us to speculate
if T-cell transfer therapies, such as those used in cancer
immunotherapy, would be a better therapeutic intervention
in critical cases in comparison to plasma therapy.

Some of the most important questions surrounding cell-
mediated immune responses to SARS-CoV-2 that currently
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remains unanswered and requires further research and

clinical validation include:

1. Do cell-mediated immune responses play a role in why
some infected individuals only present mild symptoms
or are asymptomatic, while others suffer from a more
severe infection? Do these responses also govern disease
progression and recovery, if so, to what extent?

2. Is quantification of virus-specific T-cells through cellular
assays actually an effective way of monitoring SARS-
CoV-2 immunity? If yes, would T-cell transfer therapies,
serve as better therapeutic interventions in critical cases
in comparison to plasma therapy?

3. Could inflammatory markers such as cytokines and
chemokines function as reliable predictive markers of
SARS-CoV-2 immunity?

At present, due to the absence of a specific, measurable
marker that correlates with long-term immunity, it is
important to holistically understand different kinds of
immune responses and draw comparisons with other viral
infections to draw conclusions on the duration of protective
immunity.

IMPLICATIONS FOR PLASMA THERAPY

Recent studies have reported moderate success rates with
convalescent plasma therapy (CPT) for SARS-CoV-2
infections.™ CPT involves the collection of sera
from individuals recovered from SARS-CoV-2 and its
administration to severely ill patients currently battling the
disease. It follows the principle of “Passive immunization.”
Individuals who have recovered from COVID-19 would
have mounted an adequate and effective anti-viral immune
response and generated strong humoral (antibody
mediated) immunity and immune memory against the
virus. These individuals are thus likely to contain a large
pool of neutralizing antibodies against SARS-CoV-2 in their
plasma.l" This plasma, when isolated, could be administered
to severely ill patients and help boost their ability to fight
the virus by aiding eradicating the pathogen from blood
circulation and pulmonary tissues." However, to determine
the success rate of CPT, it is crucial to understand the
effectiveness of the donor plasma in neutralizing the viral
particles in the recipients’ body.

At present, there are no available standardized protocols in
place for screening donated plasma for neutralizing antibody
levels. This results in variability in SARS-CoV-2-specific
antibody levels in donor plasma, which can then impact the
effectiveness of CPT. While several studies have argued that
CPT might prove to be an effective form of treatment for
COVID-19 patients, a recent study by the ICMR, awaiting
peer review, reported that administration of convalescent
plasma in hospitalized patients did not correlate with
reduction in mortality or progression to more severe forms of

the illness.!'”? At present, available clinical data are inadequate
to make any definitive conclusions on whether CPT can be
considered as a potential cure.

Some of the most important questions surrounding plasma
therapy that currently remains unanswered and requires
further research and clinical validation include:

1. How effective is the administration of CPT in enhancing
recover rates of severely ill COVID-19 patients?

2. Are serum antibody levels (IgG, IgM, and NAbs)
reliable predictive markers of CPT efficacy? If so, what
are the isotypes of antibodies that specifically correlate
with must be screened for? What are the levels of these
antibodies required in donor sera pre-transfusion, and
how do we accurately quantify them?

3. In the absence of antibodies in donor serum, can cellular
response assays such as those mentioned above be used
as a predictive marker for CPT outcomes?

4. How does the previously discussed decay in antibody
levels influence CPT outcomes? What is the duration of
immunity conferred upon administration of CPT?

IMPLICATIONS FOR VACCINE DEVELOPMENT

Evidence from recent studies reveals that SARS-CoV-2 is
broadly similar to the four coronaviruses that cause about
one-third of all common colds."8! Several experiments
in the past have established that protective immunity to
these cold-causing coronavirus strains is short lived."” The
established similarity between these coronavirus strains
and the short-lived protective immunity against them
strongly suggests the possibility of SARS-CoV-2 becoming
a seasonally recurring pandemic. In such circumstances,
the development of an effective vaccine against the virus
becomes a serious challenge.

Current data in humans suggest that SARS-CoV-2 vaccines
are likely to trigger immune activation and the production
and release of neutralizing antibodies that function to inhibit
viral entry and infection. However, drawing on points from
the above discussion, what remains unclear is whether the
produced levels of these antibodies are high enough to confer
preventive immunity and protect individuals from new/
subsequent infections and the duration of their persistence
within the body. Furthermore, recent research has brought
to light the possibility of SARS-COV-2 proteins evolved
to become weak immune stimulants.?” This then poses a
problem for current SARS-CoV-2 vaccine candidates (mostly
RNA vaccines) using natural variants of SARS-CoV-2 viral
proteins as antigens. A higher success rate is more likely
with other forms of vaccines such recombinant vaccines
that employ the use of genetically engineered viral antigens
or T-cell vaccines that function to trigger cell-mediated
immunity against the virus through a robust memory T-cell
response.
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Immune enhancement is another important factor to
consider during the design and development of COVID-19
vaccines.?!! There are several mechanisms that govern
immune enhancement due to vaccines, the most well-
established being ADE or antibody-dependent enhancement.
In ADE, antibodies typically confer protection against a
specific viral strain, and when challenged with a slightly
different viral strain, bind to the viral particles without
effectively neutralizing them. Since these antibodies are not
able to disable the virus, they play a key role in helping them
establish stronger, systemic infections in the host which may
in certain cases lead to death.?” Such phenomena are yet to
be studied in the context of COVID-19 vaccines.

Some of the most important questions surrounding SARS-
CoV-2 vaccine development that currently remains unanswered
and requires further research and clinical validation include:

1. Are the levels of NAbs produced by current vaccine
candidates high enough to confer preventive immunity
and prevent new infection?

2. What is the duration of immunity conferred by current
vaccine candidates that trigger NAb production and
release?

3. Are cell-based vaccines such as T-cell vaccines a better
alternative to RNA-vaccines?

4. Are ADE or other forms of immune enhancement likely
to occur on administration of antibody-based vaccines?

CONCLUSION

It is now 6 months into the pandemic and there are still
several questions, such as those highlighted above, that
scientists and clinicians are making sustained efforts to
answer. It is thus, extremely vital to keep the these questions
in mind and understand their relevance to specific aspects
of SARS-CoV-2 immunity and therapeutics, to gain clearer
and more realistic insights into the impact of the COVID-19
on individual and public health. Finding answers to these
questions would help physicians and researchers better assess
into the etiology and immune pathology of this infection,
aiding effective vaccine design and the drug development.
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