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Introduction

SARS-Cov-2 is the virus that causes the disease 
COVID-19. The disease has led to the worst worldwide 
health crisis in 100 years. While many patients remain 
asymptomatic, most patients develop a mild respiratory 
infection. Symptoms include cough, fever and chills, 
fatigue and body aches, headache and loss of the sense of 
taste or smell. However, a proportion of patients develop 
severe disease. Symptoms of severe disease include 
higher fever, hypoxia and respiratory distress, leading to 
hospitalization, and sometimes the need for mechanical 
ventilation and ultimately death [1]. 

The SARS-CoV-2 virus enters host cells by binding to 
the angiotensin-converting enzyme 2 (ACE2) receptor, 
a molecule present on many cells in the body at various 
levels of expression. The virus first invades nasal epithelial 
cells by binding to ACE2 [2]. There it undergoes local 

replication and propagation. At this stage the patient is 
generally asymptomatic. The immune response during this 
phase is limited and the patient may be highly infectious. 

The virus then migrates from the nasal epithelium to the 
upper respiratory tract. At this stage symptoms of fever, 
malaise and dry cough are often present. The chemokine 
ligand CXCL-10 and interferons are released from the 
virus-infected cells. For most patients, the immune 
response is sufficient to contain the spread of infection at 
this point. 

However, SARS-Cov-2 virus-infected cells have been 
shown to block the production of Type I IFNs by several 
mechanisms, sometimes inhibiting an effective antiviral 
immune response [3]. Approximately 20% of the patients 
progress to involvement of the lower respiratory tract. 
There, the virus invades type II alveolar epithelial cells via 
the same host receptor, ACE2, which is highly expressed 
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in these cells. The virus then undergoes replication in the 
cells of the alveoli, infecting both type II and adjacent type 
I alveolar cells as well as resident macrophages. In addition 
to inhibiting IFNs, it has been shown that the SARS-Cov-2 
spike 1 protein induces the NK cell inhibitory protein, 
NKG2A, resulting in reduced NK cell effectiveness [4]. 
Inhibitory markers PD-1 and Tim-3, additional markers of 
lymphocyte exhaustion, are also induced by the virus [5]. 
In the presence of a weakened cellular immune response, 
the virus-infected pneumocytes now release many different 
cytokines including IL-1, IL-6, IL-8, TNF-α, CXCL-10, 
monocyte chemoattractant protein-1(MCP-1), macrophage 
inflammatory protein-1α (MIP-1α) and interferons, 
resulting in the cytokine storm. Subsequently IL-8 recruits 
neutrophils to the site of infection. CXCL10 induces NK 
cells to the site of infection. MCP-1 and MIP-1alpha recruit 
monocytes, macrophages and other inflammatory cells 
to the site of infection. Interferons activate NK cells and 
phagocytes. Sequestration of these inflammatory cells 
in lung tissue, as well as continuing viral replication in 
adjacent healthy cells ultimately leads to diffuse alveolar 
damage and acute respiratory distress syndrome, 
hallmarks of severe disease. Furthermore, TNF-α, IL-1 
and IL-6, known as acute phase proteins, produce 
fever. TNF-α also stimulates the expression of adhesion 
molecules, inducing the extravasation of monocytes and 
neutrophils. TNF-α also stimulates endothelial cells to 
express proteins that induce a blood clot, a process that 
normally serves as an aid in preventing pathogens from 
entering the bloodstream. However, in the setting of 
cytokine storm, TNF-α can also cause vasodilation, leading 
to an increase in vascular permeability, and contributing 
to blood clotting in small vessels throughout the body in a 
process known as disseminated intravascular coagulation 
(DIC). This can ultimately lead to the failure of vital organs 
such as kidneys, liver, heart and lungs.

Given the variable immune responses patients have to the 
infection, an early intervention that promotes an effective 
immune response could be transformative. In order to 
understand the variable responses, the immune response 
to viruses in general [6], and this virus in particular, will be 
reviewed. This review will highlight features of the immune 
response that differ in patients with severe disease vs. mild 
disease. Following this review, possible treatment options 
will be explored.

The Innate Immune Response

As with the immune response to pathogens in general, 
the immune response to viruses occurs in two phases, 
the innate immune response and the adaptive immune 
response. The innate immune response occurs within 
hours of the infection. The adaptive immune response 
starts to be effective 4 to 7 days after exposure to the 
virus. Both phases of the immune response are complex 

and involve many molecular mediators, intracellular 
processes and cell surface receptors. Those features that 
have differential expression in severe vs. mild COVID-19 
disease will be emphasized in this review (Figure 1).

The immune system is initially activated when the virus 
infects the innate sensor cells, macrophages and dendritic 
cells. Toll-like receptors (TLR) in these cells detect the 
presence of the virus’s single-stranded RNA in their 
cytoplasm as a PAMP (pathogen-associated molecular 
pattern). This detection is non-specific. It does not depend 
on the particular sequence of bases in the RNA, only the 
presence of single-stranded RNA in endosomes in the 
cytoplasm. TLR-7 and TLR-8 recognize single-stranded 
RNA. 

The TLRs then activate the transcription factor NFκB 
which in turn induces the production of pro-inflammatory 
cytokines TNF-α and IL-6. Activated macrophages also 
release the chemokine CXCL8 (IL-8), which attracts 
neutrophils to the site of infection. TNF-α performs 
several functions, including activation of complement, 
opsonization, neutrophil mobilization to sites of infection 
and an increase in body temperature; this creates an 
environment for decreased viral replication and an 
increased immune response. Results of this activity include 
fever, increased blood vessel dilatation and an increase in 
neutrophil adhesion molecules on endothelial cells. 

Similar to TLRs, NOD-like receptors (NLRs) can also 
activate the NLRP3 signaling pathway, generating pro-
inflammatory cytokines through the formation of a 
multiprotein complex known as the inflammasome. This 
activation occurs in the presence of DAMPs (Damage-
Associated Molecular Patterns) from cell remnants as 
infected cells die. This mechanism has been shown to be 
especially prominent in the elderly and obese [7].

TLRs also induce the expression of anti-viral cytokines, 
including type 1 interferon (IFN). Type 1 IFNs are 
important mediators in the defense against viral infections, 
increasing the number of Major Histocompatibility 
complex (MHC) class I molecules that are present on 
nearly all cells. The increased expression of MHC class I 
molecules strengthens the response of cytotoxic effector 
cells to infection. Type I IFNs also act to induce a state of 
resistance to viral replication in all cells by suppressing the 
translation of viral RNA. IFNs also activate MHC class II 
molecules and recruit lymphocytes to the site of infection.

Virus-infected innate sensor cells also release IL-12 
which activates NK cells. NK cells then produce IFN-γ 
and TNF-α. NK cells also cytotoxically kill infected cells 
in response to nonspecific PAMPS without the presence of 
specific antigens. They do this by releasing the cytotoxic 
granules perforin, which creates pores in the infected cells, 
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Figure 1:  Several cytokines and cell surface markers are up or down regulated during SARS-CoV-2 infection.  MHC class I 
molecules on antigen presenting cells are up regulated in response to the infection. Co-stimulatory marker CD28 on CD4+ T cells 
interacts with B7.1 and B7.2 on antigen presenting cells.  Inhibitory markers PD-1 and Tim-3 are up regulated on T cells as the 
immune response subsides.  NLRP3 is up regulated in response to DAMPs.
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and granzyme, which passes through the pores into the 
cells to kill them. NK cells also exhibit Fc receptors (CD16) 
and act as the effector cells for antibody-dependent cell-
mediated cytotoxicity (ADCC) by detecting the Fc portions 
of cell-adherent antibodies that are generated during the 
adaptive immune.

All of the cells of the immune system, including NK 
cells, are also supported in their growth by interleukins. 
Released by various cells of the body to support the 
growth and differentiation of immune cells in response to 
infection, interleukins usually work in concert with other 
interleukins and cytokines to produce a balanced immune 
response. One such interleukin, Interleukin 15 (IL-15), is 
involved in the stimulation and growth of NK cells in the 
course of the immune response.

By inducing the inflammatory response and activating 
cytotoxic NK cells, the innate immune response tends to 
keep the viral infection in check until the adaptive immune 
response can be activated and effectively eliminate the 
infection. 

The Adaptive Immune Response

The adaptive immune system targets the infection by 
recognizing specific antigens on the virus. Two of the 
products of the adaptive immune system are cytotoxic 
CD8+ T cells that directly kill infected cells and B cells that 
produce and release antibodies specific to the virus. The 
antibodies perform several functions, all leading to the 
elimination of the virus.

The adaptive immune response is initiated by the 
interaction of antigen-presenting cells and CD4+ T cells. 
An antigen-presenting cell with viral peptides bound to 
a cleft in the MHC class II molecule on the cell surface 
adheres to a CD4-T cell receptor complex on a CD4+ T 
cell. Two co-stimulatory molecules, B7.1 and B7.2, are also 
induced on the cell surface of the antigen-presenting cell, 
prompted by TLR activation. These are required, along 
with the antigen-MHC complex, to activate the adaptive 
immune response. B7.1 and B7.2 bind to CD28 on naïve 
T cells. CD28 promotes T cell proliferation, cytokine 
production and cell survival and is necessary for optimal 
clonal expansion of naïve T cells. Cytokines are also 
released into the milieu by the antigen-presenting cells, 
directing the T cell to differentiate into the particular type 
of T cell required for its effector function. Later, as the 
infection subsides, T cells express inhibitory molecules to 
regulate and diminish the immune response. Two of these 
inhibitory molecules are PD-1 and Tim-3.

Activated CD4+ T cells are involved in several arms of the 
adaptive immune response. They strengthen the B cell’s 
response when it encounters a complementary antigen, 

produce IFN-γ and IL-2, a general growth factor for T 
cells, and promote effector CD8+ T cell differentiation and 
CD8+ memory cells, leading to long-term immunity.

When a cell is infected by a virus, viral peptides are 
presented on MHC class I molecules. CD8+ T cells interact 
with these virus peptide-MHC class I complex molecules 
on the cell’s surface. The CD8+ T cells become cytotoxic, 
killing the infected cell by releasing cytotoxic granules at 
the surface of the target cell, similar to the action of NK 
cells. CD8+ cytotoxic T cells also release the cytokines 
INF-γ, TNF-α and LT-α, which contribute to host defense. 
As with NK cells, the same interleukin, IL-15, also supports 
the growth and enhances the survival of long-term memory 
CD8+ T cells.

During the development of the person’s immune system, 
a vast number of B cells are formed, each carrying a 
unique antibody on its surface. When a B cell encounters a 
pathogen that expresses a complementary antigen to that 
particular B cell’s antibody, the B cell is activated. B cells 
also receive help from CD4+ T cells as mentioned above. B 
cells that react with the initially detected antigen migrate 
to germinal centers in the lymph nodes, where their 
antibodies hyper-mutate into antibodies with high affinity 
for the antigen in a process known as affinity maturation. 
As they proliferate, B cells expressing these antibodies also 
undergo class switching from IgM to IgG or IgA class in the 
process of developing a more effective antibody response. 
At the end of this process, the adaptive immune response 
includes a strong, high-affinity highly specific IgG antibody 
response, which is generally very effective in combating 
the infection. Some of the B cells then differentiate 
into plasma cells that produce large quantities of these 
antibodies to be released into the bloodstream and at sites 
of infection. In germinal centers, Interleukin-21 (IL-21) 
stimulates the proliferation of B cells. IL-21 also supports 
antibody class switching to IgG1, IgG3 and IgA. IgA works 
predominately in the mucosal immune system, preventing 
viruses from attaching to epithelial cells. Both IgA and IgG 
serve as neutralizing antibodies. IL-21 also supports the 
differentiation and growth of antibody-producing plasma 
cells.

High-affinity antibodies attack viruses in four ways. 
The first way is by neutralizing viruses. They attach to 
the virus, blocking the virus from infecting host cells. 
These antibody-virus complexes are then vulnerable 
to degradation by scavenger immune cells, such as 
macrophages. Antibodies also cause the viruses to clump 
together in a process called agglutination, increasing their 
susceptibility to phagocytosis. Antibodies also interfere 
with viral infection because the constant portion of the 
antibody (Fc) that is adherent to an infected cell is detected 
by an NK cell. While NK cells are thought of as part of the 
innate immune system, the NK cells cytotoxically kill the 
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infected cells in response to antibodies. Antibodies also 
activate complement. Complement factors attached to the 
virus also make the virus more vulnerable to phagocytosis. 

The SARS-COV-2 Virus Counters the Immune 
Response

Studies of COVID-19 infection that examined the 
differences between the immune response that occurred 
in patients with severe versus mild symptoms [8,9] show 
that hallmarks of severe disease include a cytokine storm, 
a decreased absolute B cell count and/or decreased NK 
cell and CD8+ T cell counts. The cytokine storm includes 
elevation of IL-6, IL-10 and TNF-α [10]. There is evidence 
that this elevated inflammatory response may be related 
to activation of the inflammasome by NLRP3, which is 
associated with aging [7,11,12]. Also, IFN-γ production 
tends to be lower in severe disease. CD28 is also decreased 
on CD4+ and CD8+ T cells in severe disease [5]. The same 
study shows that the expression of inhibitory markers 
PD-1 and Tim-3 on CD4+ and CD8+ T cells is increased in 
severe disease. Although the time course of the antibody 
response in mild disease versus severe cases has not been 
completely elucidated, one study shows that the ratio of 
IgG antibodies targeting the spike (S) protein and host 
cell receptor binding domain (RBD) on the virus over 
antibodies targeting the nucleocapsid antigen is lower in 
severe cases compared with mild cases [13]. In another 
study, generation of S and RBD specific IgG’s occurred 
one week later in patients with severe Covid-19 disease 

compared with patients with mild disease. [14]. This 
study also shows that these antibodies are 2-fold higher 
in recovered patients who now test RNA-negative for the 
virus compared with those who are still RNA-positive. 
Additionally, there is evidence [15] that patients with 
the severe disease do not mount a strong IgG response 
against the spike proteins on the virus. In yet another 
study, there is evidence that the IgG response overall is 
weaker in patients with the critical disease compared 
with patients with the mild disease [16]. Most recently, 
a study shows that neutrophil activation markers, 
including CXCL8 (IL-8) predict severe disease [17]. 
It has also been shown that patients with mild disease have 
interferon secreting T cells present in the blood early in 
the course of the disease while patients with the severe 
disease do not exhibit this feature [18]. In keeping with 
this finding, there is evidence that this SARS-Cov-2 virus 
specifically antagonizes the interferon response during 
active infection [3]. 

In addition, there is evidence that a coordinated immune 
response, consisting of both CD4+ and CD8+ T cells 
along with an antibody response, is more effective than 
an immune response from a single arm of the immune 
system. [19].

So, in severe disease, the acute phase reactants TNF-α 
and IL-6 and neutrophil activation markers are elevated 
while IFN-γ is lower. NK cells and cytotoxic T cells tend to 
be lower. B cells also tend to be lower, and there is a delay 
in the production of high-affinity antibodies (Figure 2). 

HALLMARKS OF SEVERE DISEASE 
 
 
 
 

• Cytokine Storm ( ↑↑TNFαα  and ↑↑  IL6) 
 

• ↑↑  Neutrophil Activation markers  
 

• ↓↓  IFN-γγ  secreting T cells 
 

• ↓↓  NK cells 
 

• ↓↓  CD8+ T cells 
 

• ↓↓  B cells 
 

• ↓↓   Antibody (spike)/Antibody (N) ratio 
 

• Slower production of IgG Ab 
 

• ↓↓  production of IgG Ab 
 

• Lack of coordinated  response 
 

• ↓↓  CD28 on CD4+ and CD8+ cells 
 

• ↑↑  Tim-3 and PD-1 Inhibitory markers   

Figure 2: Differences in cytokines, cell surface markers and immune cell populations between patients with severe disease and 
patients with mild disease suggest patients with severe disease experience a heightened inflammatory response and a weakened 
cytotoxic and humoral response.
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Overall, these findings suggest that there is an exaggerated 
inflammatory reaction to the virus while both the humoral 
(B cell) and cytotoxic (NK-cell and CD8+ T cell) arms of the 
immune system are weak in patients with severe disease. 
A plausible explanation for the severity of the disease in 
those with risk factors is that the cellular and antibody 
immune response to eliminate the virus is delayed, so that 
by the time the cytotoxic effects become prominent, the 
virally-infected cell load is so large that it stimulates DAMP 
induced inflammasomes, activating a cytokine storm [7]. 
Thus an intervention that promotes a cellular response of 
cytotoxic cells and the differentiation and production of 
high-affinity antibodies early in the disease may be helpful 
in promoting an effective immune response.

Treatments 

While some treatments currently do exist, none are 
transformative. Both Remdesivir [20], a drug that acts as 
a nucleoside analogue and blocks RNA synthesis by the 
virus, and immunosuppressive steroids [21] are somewhat 
helpful in patients that already have severe disease. 

Also, monoclonal antibodies have shown some efficacy 
[22,23]. Monoclonal antibody therapy is generally 
considered to be a form of passive immunotherapy. 
However, the presence of antibodies that contain Fc 
segments bound to the virus is a powerful stimulus for the 
induction of the adaptive immune response. So monoclonal 
antibody treatment may in fact promote the development 
of an adaptive immune response as well as serve in the 
process of passive immunity. Research on this question is 
currently suggesting that this may be the case [24].

Actions of Various Interleukins

As noted above, treatments that specifically strengthen 
cells of the humoral and cytotoxic responses may be very 
helpful. In the past, there have been multiple studies of 
the effects of giving recombinant interleukins designed 
to strengthen these two arms of the immune response in 
cancer patients [25-32]. IL-2, IL-15 and IL-21, while all 
sharing the same cytokine receptor gamma subunit, have 
been shown to elicit different immunological responses in 
vitro and in vivo. IL-2 has been shown to activate effector 
and memory CD8+ T cells, promote the growth of CD4 
T cells and NK cells and support the suppression of the 
T cell immune response by stimulating CD4+ Treg cells 
[33,34]. However, in previous studies, IL-2 treatment has 
led to capillary leak syndrome as well as increased pro-
inflammatory cytokines (cytokine storm) [35].

 IL-15 has been shown to stimulate cytotoxic CD8+ T-cell 
and NK cell responses, and promote memory-phenotype 
CD8+ T cells [25,26,27,36]. Of note, IL-15 can support the 

proliferation of T cells that have diminished expression 
of CD28, and enable their interaction with antigen-
presenting cells [37]. As noted above, CD28 expression is 
diminished during severe Covid-19 infection. 

IL-21 has been shown to co-stimulate T and NK cell 
proliferation and function, promote the transition 
from an innate to an adaptive response, promote B cell 
differentiation into plasma cells, up-regulate IgG1 and 
IgG3 antibody formation and counteract suppression by 
CD4+ regulatory T cells [30,31,38-41]. IL-21 has also been 
shown to reverse the effects of inhibitory markers PD-1 
and Tim-3, at least on the innate cytotoxic NK cells [42]. 
As noted above, these markers are increased on CD8+ 
cytotoxic cells in patients with severe disease.

While problematic side effects have been identified in 
these studies, they occur in the relatively long course of 
treatment required for cancer therapy. The side effects 
may not occur in the short time frame required to treat an 
acute viral infection.

A Combination of Interleukins May Be 
Warranted

Regarding the current pandemic, treatment of COVID-19 
infection with IL-2 is currently in clinical trials. However, 
as noted above, in previous studies, IL-2 treatment has 
led to capillary leak syndrome as well as increased pro-
inflammatory cytokines (cytokine storm) [35]. Given that 
cytokine storm is a major complication of the infection, 
exogenous IL-2 may be contraindicated. In contrast, IL-
21 does not have this profile of complicating side effects. 
In fact, IL-21 has been shown to decrease IL-6 and TNF-
alpha production [43]. Treatment with IL-15 also does not 
lead to the capillary leak syndrome [33], and is known 
to strengthen the body’s cytotoxic response, augmenting 
antibody-dependent cell-mediated cytotoxicity [26]. 
Furthermore, IL-15 may also have a supportive effect of 
inducing memory lymphocytes after the initial infection, 
so as to induce long-term immunity to the coronavirus 
[35,44]. IL-21, along with IL-4, has been shown to support 
the differentiation and proliferation of B cells [31]. 

In vivo, these cytokines generally do not act in an isolated 
fashion, but multiple interleukins act in concert. For 
instance, the combination of IL-15 and IL-21 has been 
shown to be more effective than either interleukin alone 
in promoting an effective immune response [44-46]. IL-
21 has been shown to support sustaining the proliferation 
and homing of CD8+ effector cells while CD-15 supports 
CD8+ cell cytotoxic activation [34]. IL-21 also supports B 
cell and subsequent plasma cell function, supporting the 
generation of antibodies, and counters suppression of the 
immune response by CD4+ Treg cells [39,40]. 
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Others have urged the initiation of a clinical trial that 
examines the use of IL-15 for patients that present with 
diminished NK cell or CD8+ T cell counts [47]. But given 
the known effects of IL-21 in promoting CD8 effector cell 
proliferation as well as B cell and plasma cell development, 
and the finding that the combination of IL-15 and IL-21 
may be more effective than IL-15 alone, I would also urge 
the addition of IL-21 to IL-15 in one arm of the study, 
particularly in patients that present with either diminished 
B cell counts [48] or elevated neutrophil activation markers 
as early predictors of severe disease [13]. 

Conclusions

Studies suggest that, compared to patients with mild 
disease, there is an exaggerated inflammatory reaction 
and weakened humoral (B cell) and cytotoxic (NK-cell and 
CD8+ T cell) immune responses in patients with severe 
disease. In other settings, the combination of Interleukin-15 
and Interleukin-21 has been shown to effectively support 
these weakened arms of the immune response. A clinical 
trial of these interleukins for SARS-Cov-2 infection is 
warranted. Severe disease may be avoided by directing the 
immune response to arms of the immune system that are 
known to be most effective in treating the disease, at an 
early stage of the disease.
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