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Adaptive immunity against COVID-19

Editorial:

Coronavirus disease 2019 (COVID-19) is caused by a novel 
Coronavirus now called severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2)1 and the World Health Organization 
(WHO) has declared COVID-19 a global pandemic on March 11, 
2020.2,3

The elderly patients, males more than females, smokers, 
and the patients with co-morbidities, such as hypertension, 
diabetes, cardiac disease, chronic kidney disease, obesity, 
immunocompromised state, liver disease, chronic underlying 
lung disease and cancer are more vulnerable for the severe 
COVID-19 disease. Several laboratory markers such as neutrophil-
lymphocyte ratio, D-dimer, procalcitonin, ferritin, C-reactive 
protein (CRP),  and pro-inflammatory interleukins can also help in 
predicting the severity of the disease.4

The immune response has often been described as the key 
player in determining the severity of COVID-19 disease.The 
COVID-19 outcomes seem to be dependent upon the B-cell– 
and T-cell–mediated adaptive immunity to SARS-CoV-2.5 
Hence, the thorough knowledge of such adaptive immunity 
is important for developing effective strategies to control 
the pandemic. The adaptive immunity, which is developed

in response to SARS-CoV-2, is depicted in the figure below.

 

Figure: Adaptive immunity to COVID 2019: Generalized model of 
T-cell and B-cell (plasmablast, antibody) responses to SARS-CoV-2 
infection projected over 1 year following infection; neutralizing 
antibodies, memory B cells, and CD4+ and CD8+ memory T-cells 
to SARS-CoV-2 are generated by infection, vaccination, or after 
re-exposure; the dotted lines represent peak B-cell, T-cell, and 
antibody responses following infection.5 
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Abstract

The adaptive immune response has often been described as 
the key player in determining the severity of COVID-19 
disease. The COVID-19 outcomes seem to be dependent 
upon the B-cell– and T-cell–mediated adaptive immunity to 
SARS-CoV-2. Coordinated CD4+ T-cell, CD8+ T-cell, and 
antibody responses are protective, whereas, the 
uncoordinated immune responses are associated with the 
severe form of COVID-19. Multiple human vaccines in clinical 
trials to counteract SARS-CoV-2 is based upon the neutralizing 
antibodies directed at the spike protein. The potential 
therapeutic and preventive monoclonal antibodies used in 
human clinical trials are also based on the viral neutralization. 
The vaccines can generate high levels of neutralizing 
antibodies comparable with or greater than those seen in 
sera samples from patients. The induction of sufficient CD4+ 
helper T-cells and inclusion of vaccine boosts, may be needed 
to maintain levels of anti–SARS-CoV-2 neutralizing antibodies. 
The COVID-19 vaccines are in rapid development by utilizing 
the knowledge of adaptive immunity against COVID-19, and 
we are hopeful to get the effective and safe vaccines for the 
public use very soon. 
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The disease severity (asymptomatic, mild, moderate, or severe) 
influences the magnitude of the antibody and T-cell responses 
among the different individuals. The neutralizing antibodies, 
especially those that recognize the viral receptor binding 
domain (RBD) and other epitopes on the spike protein that 
prevent subsequent angiotensin-converting enzyme II receptor 
binding, membrane fusion, and viral entry, are one of the main 
components of the adaptive immune response. The CD4+ T-cell 
responses in convalescing patients correlates with the magnitude 
of anti-SARS-CoV-2 IgG and IgA titers to the spike protein; the viral 
neutralization correlates strongly with the magnitude of IgG1 and 
IgG3 RBD enzyme-linked immunosorbent assay (ELISA) titers.6,7

Multiple human vaccines in clinical trials to counteract SARS-CoV-2 
is based upon the neutralizing antibodies directed at the spike 
protein.8 The potential therapeutic and preventive monoclonal 
antibodies used in human clinical trials are also based on the viral 
neutralization.

Upon the recovery of the disease, the patients with mild or 
asymptomatic disease have antibodies with low anti-RBD titers 
and low viral neutralizing activity. Antigen burden seems to be 
the major determinant of the magnitude of the immune response 
because the highest neutralizing antibody titers are found in the 
severe disease.7

One recent study examined the all three branches of adaptive 
immunity at the level of SARS-CoV-2-specific CD4+ and CD8+ T-cell 
and neutralizing antibody responses in acute and convalescent 
subjects.9 The study showed that the coordinated SARS-CoV-
2-specific adaptive immune responses were associated with 
milder disease, suggesting roles for both CD4+ and CD8+ T-cells 
in protective immunity in COVID-19. The study also revealed 
that the coordination of SARS-CoV-2 antigen-specific responses 
was disrupted in individuals ≥ 65 years old; the scarcity of naive 
T-cells was also associated with aging and poor disease outcomes. 
Therefore, it was concluded that the coordinated CD4+ T-cell, 
CD8+ T-cell, and antibody responses are protective, whereas, the 
uncoordinated immune responses are associated with the severe 
form of COVID-19.9

SARS-CoV-2–specific CD4+ and CD8+ memory T-cells are also 
generated in asymptomatic to severe disease.10-12 Individuals 
with mild or asymptomatic disease are reported to exhibit robust 
memory T-cell responses months after COVID-19 infection.

One study showed 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.10-12 
These memory T-cells (memory CD4+ T-cells found in higher 
frequencies than are CD8+ T-cells) likely represent responses 
induced by previous infection with other human endemic 
betacoronaviruses 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 NSP13.10,11 It is 
possible that the cross-reactive T-cells from previous coronavirus 
infections may be boosted by the exposure to SARS-CoV-2. These 
preexisting T-cells could influence the immune response to SARS- 
CoV-2, affecting the ultimate COVID-19 outcome.This could help 
explain for the wide range of symptoms experienced by people 
with COVID-19. This indicates that the T-cells are another level of 
population-level immunity against COVID-19.

There was one recent study, which looked for the auto-antibodies 
against type I Interferon (IFN) to find out the reasons for the 
clinical variability in the course of SARS-CoV-2 infection.13 The 

study showed that auto-antibodies against type I IFN were 
responsible for the life-threatening condition in some of the 
COVID-19 patients (they were found in 2.6% of women and 12.5% 
of men); the auto-antibodies seem to neutralize the ability of the 
corresponding type I IFNs to block SARS-CoV-2 infection.13 

Another study has shown that the inborn errors of TLR3- and IRF7-
dependent type I IFN immunity [caused by the ‘Loss-of-Function’ 
(LOF) mutations of the genes at 13 loci] were responsible for the 
life-threatening condition in 3.5% of COVID-19 patients, aged 17 
to 77 years.14

The whole world is desperately waiting for the successful and 
safe COVID-19 vaccines, to be made available for the public. 
The vaccines can generate high levels of neutralizing antibodies 
comparable with or greater than those seen in sera samples 
from patients. The induction of sufficient CD4+ helper T-cells and 
inclusion of vaccine boosts, may be needed to maintain levels of 
anti–SARS-CoV-2 neutralizing antibodies.11 The COVID 19 vaccines 
are in rapid development by utilizing the knowledge of adaptive 
immunity against COVID 19, and we are hopeful to get the 
effective and safe vaccines for the public use very soon. 

November 8, 2020.
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