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General information about SARS-CoV-2
Coronavirus 2019 (COVID-19) is an infectious disease 
caused by severe acute respiratory syndrome coronavirus 
2 (SARS-CoV-2), first diagnosed in December 2019 
in Wuhan, China, and since then has globally spread 

and infected millions.1 Bioinformatics analysis showed 
that SARS-CoV-2 has the typical characteristics of the 
coronavirus family.2 Coronaviruses (CoVs) have four 
main subtypes: alpha, beta, delta, and gamma. Alpha 
and beta subtypes have been shown to originate from 
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Abstract
Introduction: In late December 2019, a sudden severe 
respiratory illness of unknown origin was reported in China. 
In early January 2020, the cause of COVID-19 infection was 
announced a new coronavirus called severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2). Examination of the 
SARS-CoV-2 genome sequence revealed a close resemblance 
to the previously reported SARS-CoV and coronavirus 
Middle East respiratory syndrome (MERS-CoV). However, 
initial testing of drugs used against SARS-CoV and MERS-
CoV has been ineffective in controlling SARS-CoV-2. One 
of the key strategies to fight the virus is to look at how the 
immune system works against the virus, which has led to a 
better understanding of the disease and the development of 
new therapies and vaccine designs. 
Methods: This review discussed the innate and acquired 
immune system responses and how immune cells function 
against the virus to shed light on the human body's defense strategies.
Results: Although immune responses have been revealed critical to eradicating infections caused 
by coronaviruses, dysregulated immune responses can lead to immune pathologies thoroughly 
investigated. Also, the benefit of mesenchymal stem cells, NK cells, Treg cells, specific T cells, and 
platelet lysates have been submitted as promising solutions to prevent the effects of infection in 
patients with COVID-19. 
Conclusion: It has been concluded that none of the above has undoubtedly been approved for the 
treatment or prevention of COVID-19, but clinical trials are underway better to understand the 
efficacy and safety of these cellular therapies.
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characterized by the release of high levels of cytokines, 
especially IL-6 and TNF-α, into the bloodstream and 
induces a local and systemic inflammatory response.11 Early 
in the COVID-19 pandemic, therapeutic management 
of the disease was limited. Since then, researchers have 
made significant advances worldwide, leading to a 
better understanding of the disease and developing new 
therapies and vaccines. Currently, a variety of treatment 
options are available, including antiviral drugs, anti-
SARS-CoV-2 monoclonal antibodies, ani-inflammatory 
drugs, and immunomodulatory agents available under 
FDA-authorized emergency use.12

Innate immune system responses against COVID-19
The immune system mechanism includes innate and 
adaptive immunity responses. The body's first line of 
defense against viral infections includes rapid innate 
immune responses such as activation of complement 
and toll-like receptors (TLRs), secretion of type Ⅰ IFN, 
and secretion of inflammatory cytokines, apoptosis, and 
autophagy. The innate immune system detects the host 
pathogen-associated molecular patterns13 molecules of 
the virus with the help of pattern recognition receptor 
(PRR) receptors. These receptors include TLRs, RIG-like 
receptors (RLRs), NOD-like receptors (NLRs), C-type 
lectin-like receptors (CLmin), and free cytoplasmic 
receptors such as cyclic GMP-AMP synthase (cGAS), 
interferon-γ-inducible protein 16 (IFI16), Stimulator of 
interferon genes (STING), and DNA-dependent activator 
of interferon-regulatory factors.14 When the innate immune 
system is exposed to microorganisms, the function of this 
system prepares the adaptive immune system to produce 
appropriate responses against pathogens.15 This defense 
barrier is also responsible for causing severe forms of 
COVID-19 by producing cytokine storms. Therefore, 
investigating this vital arm of the immune system is 
crucial for a better understanding of the pathogenicity 
of this disease. In addition, research on innate immune 
responses is essential for developing treatment strategies.16

Cells expressing ACE2 are target cells for SARS-CoV-2 
infection. In the lung, the virus can infect and damage 
the mucosal epithelium, alveolar epithelium, bronchial 
mucosal epithelium, and endothelial cells in the airway. In 
particular, high levels of ACE2 in type II alveolar epithelial 
cells in the lungs increase the susceptibility of these cells 
to SARS-CoV-2 infection. Infection of these cells leads 
to the pathogenicity of the virus, which plays a role 
through critical functions. These cells are also involved 
in immune responses by producing cytokines following 
alveolar injury.  Alveolar injury produces signals which 
trigger and activate macrophages and other immune 
cells to elicit an immune response. At the beginning of 
the infection, local immune responses can successfully 
maintain and re-establish homeostasis in the airway. One 
of the essential controllers of viral infection is interferon 
responses and following events after its activation. Finally, 

bats and mammals, while gamma and delta often infect 
birds.3 SARS-CoV-2 belongs to the beta-coronavirus 2B 
lineage.2 The coronavirus genome (CoVs) (32-27 kb) 
is a single-stranded positive-sense (ssRNA+) RNA that 
is larger than any other viral RNA. The nucleocapsid 
(N) protein forms the capsid outside the genome, and 
the genome is packaged by a coating linked to three 
structural proteins: the membrane protein (M), the spike 
protein (S), and the envelope protein (E). As a member 
of the coronavirus family, the recently sequenced SARS-
CoV-2 genome is approximately 29.9 kb.4 SARS-CoV-2 
contains four structural proteins (S, E, M, and N) and 
sixteen non-structural proteins (nsp1-16). The SARS-
CoV-2 genomic RNA consists of two open reading frames 
(ORFs), ORF1a and ORF1b, covering two-thirds of the 
genome and translating into polyprotein (pp), pp1a and 
pp1b proteins. The virus genome encodes two cysteine 
proteases, a papain-like protease (PLpro) or nsp3 and a 
3C-like protease (3CLpro) or nsp5. These proteases divide 
the pp1a and pp1b polypeptides into 16 unstructured 
proteins.5 The remaining third of the genome contains 
overlapping ORFs that encode the four major structural 
proteins, including S, N, M, E, and some ancillary proteins. 
S protein of signal peptide (SP), receptor-binding domain 
(RBD), subdomain1 (SD1), and two subdomains (SD2) in 
subunit S1 and fusion peptide,6 one heptad repeat (HR1), 
two heptad repeat (HR2), and transmembrane (TM) is 
formed in the membrane fusion subunit (S2). Protein 
E, along with M and N, facilitates virus-like particle 
formation.7

SARS-CoV-2 enters the host cell by directly integrating 
the viral coating with the host cell membrane or by 
integrating the membrane into the endosome after 
endocytosis. Virus entry begins with the binding of 
RBD of protein S to human host cell receptors at the cell 
surface.8 One of the primary receptors for SARS-CoV-2 
is the angiotensin-converting enzyme 2 (ACE2), which 
is widely expressed in the lung, intestine, liver, heart, 
vascular endothelium, testis, and kidney cells.9 The 
virus mainly affects the respiratory system, which is the 
main route of transmission by droplets and respiratory 
secretions carrying the infectious virus and direct contact 
with asymptomatic or symptomatic carriers of the virus. 
Accordingly, the current data indicate a 14-day incubation 
period.10 

The pathogenesis of SARS-CoV-2 pneumonia is 
described in two stages. The initial phase is characterized 
by viral replication, resulting in direct tissue-mediated 
tissue damage, followed by a late phase when infected host 
cells, using T lymphocytes, monocytes, and neutrophils, 
stimulate the immune response. It causes the release 
of cytokines such as tumor necrosis factor-α (TNF-α), 
granulocyte-macrophage colony-stimulating factor (GM-
CSF), interleukin-1 beta (IL-1β), IL-6, IL-8, IL-12, and 
interferon-γ (IFN-γ). In the severe form of COVID-19, 
the overactive immune system leads to a "cytokine storm," 
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the interaction of innate immune components such 
as cytokines, chemokines, and cells involved in innate 
responses activates adaptive immunity and initiates the 
activity of T lymphocytes.17

Another component of the innate immune response 
against viruses and bacteria is the complement system, 
which consists of proteins circulating in the bloodstream 
in the form of inactive precursors. This system also 
stimulates pro-inflammatory responses. The complement 
system functions to activate other immune system 
components through three pathways, including the 
classical, alternative, and lectin pathways.16 New evidence 
has shown that in vivo and in vitro complement activation 
plays a vital role in the pathogenesis and severity of SARS-
CoV-2. Use of virus-infected C3-/- mice and evaluation of 
complement system activation in SARS-CoV-2 infection 
indicate that C3 (C: complement component) products 
(C3a, C3b, inactivated c3 (iC3b), C3c, C3dg) have been 
observed in the early stages of infection (first day) in the 
lungs. Complement activation induces pro-inflammatory 
polypeptides, C3a, C5a, and recruitment of neutrophils 
and monocytes. Neutrophils produce neutrophil 
extracellular trap (NET),  which contains complement 
components such as C3, properdin, and factor B, which 
activate complement through the alternative pathway.18 
C5a is a potential cell-signaling protein that activates 
cytokine storms in the early hours of infection and 
induces innate immune responses. Excess C5a in the 
inflammatory environment promotes tissue injury, T 
lymphocyte exhaustion, and immune paralysis through a 
plethora of mechanisms.19

The use of complement system inhibitors to treat 
COVID-19 has begun during the last two years. The 
first drug used is Eculizumab, a humanized monoclonal 
antibody that inhibits the breakdown of C5 into C5a and 
C5b involved in forming the membrane attack complex. 
This structure (a set of membrane attacks) creates cavities 
in the plasma membrane that lead to the destruction of the 
plasma membrane and, ultimately death of the target cell. 
Inhibition by Eculizumab in four patients with COVID-19 
has indicated a reduction in inflammatory markers both in 
erythrocyte sedimentation rate test (ESR) and C-reactive 
protein (CRP) test and improvement of patients within 
the first 48 hours of drug administration. In addition to 
Eculizumab, patients with COVID-19 used approved 
AMY-101 as C3 inhibitor of pneumonia. After using this 
medication, the patient's clinical symptoms improved 
rapidly after 48 hours, while the patient's leukocytosis and 
lymphopenia improved at a slower rate. These laboratory 
markers are associated with improved lung function and 
reduced oxygen demand.16 

Viral infections of mammalian cells elicit rapid innate 
immune responses. One of these innate antiviral responses 
is the release of cytokine IFN-I (IFN-α and IFN-β). IFN-γ 
activates the Janus kinase and signal transducer and 
activator of transcription (JAK-STAT) signaling pathway, 

followed by expressing interferon‐stimulated genes (ISG) 
genes. Finally, the products of these genes prevent the 
virus from replication and assembly. Genes encoding 
interferon is regulated by transcription factors nuclear 
factor kappa-light-chain-enhancer of activated B cells 
(NF‐κB) and interferon regulatory factor 3 (IRF3). IFN-β 
activates the synthesis of antiviral, antiproliferative, and 
immunomodulatory proteins after binding to its receptor 
at the cell surface. This cytokine also participates in the 
induction of IFN-α. IFN-α, in turn, enhances antiviral 
responses.15

PAMPs include proteins, lipids, lipoproteins, and 
nucleic acids of viral, bacterial, parasitic, and fungal 
origin detected by TLR receptors. The interaction of 
these molecules with their respective receptors occurs at 
the surface of cell membranes, endosomes, lysosomes, 
and endocytolysosomes. Activation of TLRs induces 
biological responses following activation of protein 
adapters such as myeloid differentiation primary response 
88 (MyD88), toll/IL-1 receptor adaptor protein (TIRAP), 
TRAF-interacting protein (TRIP), and TRIF-related 
adapter molecule (TRAM). These protein adapters are 
common in the structure of toll/IL-1 receptor1 domains.20 
An increase in TLR3 transcription levels after coronavirus 
infections has been shown in mouse models. In this 
process, activation of molecules such as TIR-domain-
containing adapter-inducing interferon- β21 leads to 
activating transcription factors such as IRF3 and NF-κB, 
which ultimately increases producing IFN-I cytokines 
(IFN-α and IFN-β), inflammatory cytokines (IL-6, 
TNF) and IFN-γ. Despite the role of TLR3 in producing 
inflammatory cytokines, the knock-out of the TLR3 gene 
in mouse models did not reduce the expression of these 
cytokines. Thus, several alternative pathways associated 
with TLR3 signaling transduction could produce these 
cytokines. Two adaptor proteins, TRIF and MyD-88, play 
an essential role in coronavirus infection during TLR signal 
transduction pathways. As mentioned above, TRIF is 
associated with TLR3 signaling transduction and activates 
IRF3 and NF-κB transcription factors, whereas MyD-88 
interacts with TLR4 and several proteins involved in IL-1 
function such as IRAK1-2 and IL-1 receptor.21,22 In mouse 
models, acute pulmonary injury mediated by respiratory 
virus infections indicates that in infected models with 
SARS, H1N1, and other pulmonary viruses, this damage 
is caused by producing oxidized phospholipids. Similar to 
bacterial LPS, these phospholipids activate TLR4, which 
activates adaptor proteins and eventually increases the 
production of inflammatory cytokines. Among these, 
IL-6 is one of the leading causes of lung damage, so in IL-
6-/- mice, the rate of inflammatory infiltration and lung 
damage have decreased compared to the control group.16 
Pro-inflammatory cytokines such as IL-1, IL-6, and TNF-α 
are the essential cytokines involved in innate immune 
responses. Tissue macrophages, mast cells, endothelial 
and epithelial cells are the primary sources of these 
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cytokines during innate immune responses. Cytokine 
storms are caused by an abrupt increase in various pro-
inflammatory cytokines, including IL-1, IL-6, TNF-α, and 
IFNs. Increasing cytokine levels lead to the infiltration of 
various immune cells such as macrophages, neutrophils, 
and T lymphocytes from the bloodstream to the site of 
infection. The infiltrated cells exert destructive effects 
on human tissues and result in the instability in cell-cell 
interactions of endothelial cells, as well as vascular barrier 
destruction, capillary damage, diffuse alveolar damage, 
organ failure, and eventually death.23,24 Lung damage is 
a consequence of cytokine storm that leads to acute lung 
damage and causes ARDS in severe cases. ARDS reduces 
saturated oxygen levels, a primary death factor in people 
with COVID-19 infection. Evidence suggests that several 
patients with severe COVID-19 infection are affected by 
a cytokine storm. Detection of cytokines in plasma of 41 
patients showed an increase in the following cytokines: 
IL-1β, IL-7, IL-8, IL-9, IL-10, FGF, granulocyte-colony 

stimulating factor (G-CSF), GM-CSF, IFN-γ, IP- 10, MCP-
1, MIP-1A, MIP1, platelet-derived growth factor (PDGF), 
TNF-α, vascular endothelial growth factor (VEGF), both 
in patients in need of intensive care unit (ICU) and those 
not admitted to ICU compared with healthy people.25 In 
this review, in addition to representing the innate immune 
secretory responses, we describe the cellular functions of 
neutrophils, monocytes/macrophages, dendritic cells, 
natural killer cells, and mast cells against COVID-19 
(Fig. 1).

Neutrophils
Neutrophils are cells that are quickly recruited to the site 
of infection and exert their immune responses through 
respiratory bursts and phagocytosis of microorganisms. 
These cells also cause pathogens' death through forming 
NET.26 The involvement of these cells in various 
diseases has made them exciting targets for therapeutic 
interventions. Various methods have been developed 

Fig. 1. Schematic representation of the interaction of innate immune cell responses in COVID-19 in lung tissue. A) After SARS-CoV-2 enters the 
lung tissue, viral proteins and DAMPs increase inflammatory cytokines, followed by the recruitment of inflammatory cells, including neutrophils. Neutrophilic 
responses such as increased production of ROS and NETosis lead to the elimination of infection. Also, pro-inflammatory cytokines and chemokines are 
secreted from this cell because of the recruitment of other inflammatory cells to damaged tissue. B) During the inflammatory process, peripheral blood 
circulating monocytes enter peripheral tissues and differentiate into macrophage cells (mediated by IL-6) and dendritic cells. C) SARS-CoV-2 -activated 
macrophages via interaction of DAMPs with PRR receptors phagocytoses the dead tissue and cell debris, resulting in the release of inflammatory factors. One 
of the cytokines produced by these cells is GM-CSF, which acts as a chemical attractant for the migration of monocytes and neutrophils from the blood to the 
tissue. D) Virus-infected apoptotic epithelial cells are phagocytosed by dendritic cells, and then these cells migrate to the lymph nodes. After presenting viral 
antigens to T lymphocytes, they trigger adaptive immune responses against the virus. E) Increased NKG2D expression in NK cells is mediated by virus spike 
protein. In NK cells, NKG2D expression reduces the expression of IFN-γ, IL-2, TNF-α, and Granzyme B. Expression of HLA-E on the surface of lung epithelial 
cells and its interaction with NKG2D causes exhaustion in NK cells, which result in an inhibition of the virus-clearing process and ultimately severe damage to 
lung tissue. F) SARS-CoV-2 virus in the early stages of infection activate airway mast cells and leads to producing pro-inflammatory molecules such as IL-1β, 
CCL2, IL-6, TNF-α from mast cells. Mast cells detect viral DAMPs through their TLR receptors and cause the inflammation of the lungs and fibrosis by the 
release of inflammatory mediators. COVID-19, coronavirus Disease of 2019; DAMP, damage-associated molecular patterns; ROS, reactive oxygen species; 
NET, neutrophil extracellular trap; IL-6, interleukin 6; PRR, pattern recognition receptor; GM-CSF, granulocyte-macrophage colony stimulating factor; NKG2D, 
natural killer cell group 2 D; NK cells, natural killer cells; IFN-γ, interferon- γ; IL-2, interleukin 2; TNF-α, tumor necrosis factor- α; HLA-E, human leukocyte 
antigen; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; IL-1β, interleukin 1β; CCL2, CC-chemokine ligand 2; TLR, toll like receptor; MHC, 
major histocompatibility complex; TCR, T-cell receptor.
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to target neutrophils, including strategies to enhancing, 
inhibiting, or restoring neutrophil function. Enhancement 
of neutrophil function is possible by adding G-CSF or 
inhibiting the CXCR4 receptor and signal-regulating 
protein (SIRPα). On the other hand, in order to inhibit the 
function of these cells from selecting antagonists, Anti-
integrin antibodies, CXCR (CXC-chemokine receptor) 1, 
CXCR2, BLT1 (leukotriene B4 receptor 1), and C5aR (C5a 
receptor) receptor inhibitors, neutralization of neutrophil-
derived molecules, and inhibition of NETR inhibitor 
and N inhibitor Signal transmission molecules are used. 
There are some diseases in which neutrophils show a 
marked change from a protective phenotype to a harmful 
phenotype. In these cases, therapeutic modification of the 
neutrophil phenotype is considered rather than activating 
or inhibiting neutrophils. Cancer is a condition in which 
neutrophils gradually change from a primary anti-tumor 
phenotype to a pre-tumor phenotype. Myeloid-derived 
suppressor cells are formed by FATP2 (Fatty acid transport 
protein 2), resorting to normal neutrophil function by 
inhibiting lipofermata.27

In a viral infection, expressing viral proteins and local 
damage to epithelial cells leads to polymorphonuclear 
(PMN) cell infiltration. The infiltration of inflammatory 
PMN cells in mice can lead to hemorrhagic wounds. 
These cells take part in the repair process through 
virus clearance, producing growth factors, and the re-
epithelialization of damaged areas. PMN cells are involved 
in producing local cytokines and chemokines, which in 
particular enhance the interaction of these cells with lung 
cells. In vitro, associating PMN cells with type alveolar 
epithelial cells infected by the coronavirus, increased 
mRNA expression of pro-inflammatory cytokines (IL-
18, IL-1a, IL-1b, and TNF-α), CXC chemokines (CXC-
chemokine ligand-2 (CXCL-2), interferon-inducible 
protein 10 (IP-10), CXCL-1) and CC-chemokine ligands 
(CCLs) (CCL- 2, CCL-4, CCL-7, CCL-9, CCL-12, CCL-
22). Thus, neutrophils play a role in the early recruitment 
of inflammatory cells by participating in tissue damage.16 

NET is a network-like structure composed of DNA 
and proteins that trap pathogens and eventually kill 
the target cell. The formation of NET is a regulatory 
process. Accordingly, the essential enzymes participate 
in its formation, including the NE enzyme, causing the 
breakdown of intracellular proteins and cell fragmentation. 
Moreover, peptidyl arginine deiminase type-4 enzyme 
participates in the citrullination of histones to facilitate 
remodeling chromatin strands and the release of 
chromosomal DNA, gasdermin D, on the other hand, can 
facilitate pore forming in the membrane of neutrophils 
and consequently, the disintegration of cellular membrane 
for the extrusion of DNA and associated molecules. Excess 
NET generation can trigger the cascade of inflammatory 
reactions, and consequently, cancer cell metastasis and 
destruction of surrounding tissues, microthrombosis, 
and finally, permanent damage to the organs of the 

pulmonary, cardiovascular, and renal systems occurs. In 
patients with severe COVID-19, these organs are affected 
by this process. NET in the airway mucosal secretions of 
patients with COVID-19 has a similar role in patients with 
cystic fibrosis and causes interference in gas exchanges 
and secondary infection.26

The clinical biochemical data and pathological findings 
in SARS-CoV-2 infection appear to be associated with 
NET induced by lung epithelial damage and disease 
severity. Previous findings on viral lung injury, as well as 
data on elevated serum NET levels in COVID-19 patients 
and secreted cytokine profiles, suggested the role of 
NETs in severe pneumonia associated with SARS-CoV-2 
infection. In studies, the rate of NETs in COVID-19 
patients increased compared with the healthy control 
group. Different factors may be related to this mechanism. 
Initially, the virus’s rapid spread increases the viral load 
in the lung tissue. Viral proteins are also considered to be 
potent activators of NETosis. In addition, damaged tissues 
and neutrophils increase neutrophil activity by producing 
cytokines. Cytokine secretion occurs after stimulation 
with SARS-CoV-2. The role of these molecules is the 
chemotactic recruitment of neutrophils, increased reactive 
oxygen species (ROS), and the formation of NETosis. 
Other secretory molecules also induce NETosis from 
damaged tissues, such as damage-associated molecular 
patterns.28

Monocytes/Macrophages 
Monocytes are innate immune cells involved in 
inflammatory responses, phagocytosis, antigen 
presentation, and other functional immune processes. 
Peripheral circulating monocytes enter the peripheral 
tissues and differentiate into macrophage and dendritic 
cells during the inflammatory process. In humans based 
on the expression of CD14 and CD16 markers, monocytes 
are divided into three subtypes including (CD14 + CD16-

) Classical, Intermediate (CD14+ CD16+) and (CD16+ 
CD14dim) non-classical.29 

Macrophages are a significant component of the 
mononuclear phagocytic cell system, which plays a 
significant role in maintaining the body's homeostasis 
and defense against foreign pathogens. Besides, these 
cells are abundant in the tumor’s microenvironment 
and are referred to as tumor-associated macrophages 
(TAMs). Also, these cells support the survival of tumor 
cells. Several studies have shown that reducing the 
effectiveness of these cells has anti-tumor effects on the 
tumor microenvironment, so they have become targets 
for immunotherapy. New therapeutic strategies aim to 
reduce these cells’ population, have targeted their return 
to M1 macrophages, regulation of phagocytosis signals, 
and cell engineering. Numerous studies have shown 
that blocking the CSF-1/CSF-1R and CC-chemokine 
receptor-2 (CCR2)/CCL2 axis in monocyte cells reduces 
the population of these cells. The use of NF-κB activators, 
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STAT3 inhibitors, CD40 agonists, and TLRs causes 
TAMs to return to M1 macrophages. The blockage of 
MHCⅠ-LIRB1, SIRPa-CD47, and CD24-Siglec-10 axis 
in the interaction between TAMs and tumor cells also 
regulates phagocytosis signals. Monocytes/macrophages 
engineered with chimeric antigen receptor (CAR) 
also provide immunity against tumor cells. The use of 
bisphosphonates, Clondlip, Trabectedin, and monoclonal 
antibodies in the tumor microenvironment reduces the 
tumorigenic effects of TAMs.30,31

Expansion of CD14+ CD16+ monocytes secreting IL-6 
in the peripheral blood of patients with severe COVID-19 
admitted to ICU compared to the patients not admitted 
to ICU was observed, which was confirmed by single-
cell RNA-sequencing (scRNA-seq) analysis of peripheral 
blood mononuclear cells.32 Circulating monocytes and 
tissue-resident macrophages are involved in all stages 
of SARS-CoV-19 disease. Numerous studies have 
demonstrated targeting of pulmonary macrophages with 
COVID-19. Human monocytes and macrophages express 
the molecules ACE2, transmembrane protease, serin2 
(TMPRSS2), and furin, which act as targets for spreading 
SARSCoV-2 infection. Lung macrophages also express 
alpha-7 nicotinic acetylcholine receptors (nAChRs α7) 
whose signal transduction is through JAK-STAT3, which 
cause the inhibition of inflammatory signals by blocking 
the transmission of p65/p50 NF-κB to the nucleus and 
degrading this transcription factor inhibitor (IκBα). 
Recent evidence has suggested that infection of spleen and 
lymph node macrophages with SARS-CoV-2 is associated 
with severe apoptosis of lymphocyte cells.  Inflammatory 
macrophages resident in the upper respiratory tract 
release many pro-inflammatory chemokines and 
cytokines such as IL-1B, IL-8, IL-18, and TNF-α. Lower 
airway macrophages also show more robust inflammatory 
phenotypes, and in general, there is a strong correlation 
between the activation status of non-resident macrophages 
and the severity of COVID-19. Other immune cells such 
as mast cells also work synergistically with macrophages 
to destroy lung tissues.33 

In patients with severe COVID-19, monocytes and 
monocyte-derived macrophages in lung tissue play a 
primary and critical role in disease progression through 
increased cytokine storm and destruction of peripheral 
tissues. In these patients, bronchoalveolar fluid is rich 
in two chemokines, CCL2 and CCL7, which increase 
the recruitment of CCR2+ monocytes.21 SARS-CoV-2-
activated macrophages release inflammatory factors 
once they have phagocytized dead tissue and cell debris 
and play a vital role in the pathogenesis of fibrosis. These 
reactions are associated with the interaction of DAMPs 
with PRR receptors. Activating TLR4, TLR2, TLR3 by 
SARS-CoV-2 leads to releasing inflammatory cytokines 
such as IL-1β. So, inhibiting this cytokine has been 
reported to be effective in many inflammatory diseases 
such as rheumatoid arthritis.26

Farshi et al reported that monocyte-derived 
macrophages (infiltrating type) and, to some extent, lung 
tissue macrophages were involved in removing COVID-
19-infected lung cells in the presence of anti-COVID-19 
antibodies. It has been reported that neutralizing 
antibodies have an essential role in the early infection 
phase of COVID-19. In humans, these antibodies (mostly 
IgG and IgM isotypes) are produced by B lymphocytes. 
Participation of phagocytic cells (infiltrating macrophages 
derived from monocytes and part of macrophages 
residing in lung tissue) with neutralizing antibodies leads 
to eliminating COVID-19 infection in humans and mouse 
models, and thus, these host defense responses control the 
infection.34

IL-6 and GM-CSF are cytokines that activate monocytes 
and differentiate them into macrophages. These cytokines 
increase during the cytokine storm in ICU patients infected 
with SARS-CoV-2 and are involved in inflammation and 
immunopathology of autoimmune diseases. In addition, 
they have been identified as therapeutic targets (blockers) 
during the cytokine storm of inflammatory responses. 
IL-6 is secreted by cells such as macrophages, fibroblasts, 
T lymphocytes, and endothelial cells in response to 
infection.35 Expansion of CD14+ CD16+ monocytes 
secreting IL-6 in the peripheral blood of patients with 
severe COVID-19 admitted to ICU compared to the 
patients who were not admitted to ICU was observed, 
which was confirmed by scRNA-seq analysis of peripheral 
blood mononuclear cells.32

Another cytokine associated with monocyte/
macrophage cells is GM-CSF, which plays a crucial role 
in inflammatory conditions and causes an increase in 
neutrophils, migration of monocytes, proliferation, 
and maturation of these cells.29 During inflammation, 
macrophages, T lymphocytes, endothelial cells, 
mesenchymal cells, and other immune cells produce 
GM-CSF. GM-CSF acts as a chemical attractant for the 
migration of monocytes and neutrophils from the blood 
to the tissue and can alter neutrophil receptors. Signal 
transduction of GM-CSF increases the pro-inflammatory 
phenotype of M1 macrophages and produces several 
inflammatory cytokines and chemokines through tissue 
macrophages or monocyte-derived macrophages. The 
effect of SARS-CoV-2 on the macrophage phenotype has 
not yet been defined. However, inhibition of IFNs signal 
transduction in these cells has been reported.33 

Dendritic cells 
T and B lymphocytes are mediator cells of the immune 
system, but the function of these cells is controlled by 
dendritic cells. After receiving antigens and processing 
them, these cells express lymphocyte-stimulating 
molecules on their surface and migrate to the lymph 
nodes, secreting cytokines to trigger adaptive immune 
responses. In addition to activating lymphocytes, DCs 
cause them not to activate or respond to autoantigens, 
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thereby reducing autoimmune reactions.36 
One of the most potent immunotherapy strategies 

against tumors is DC vaccines. The purpose of these 
vaccines is to activate the immune response to remove 
tumor cells and build long-term immunity. These vaccines 
are made from DC precursors that differentiate into DC 
cells, loaded with tumor antigens, and injected into a 
patient's body. These cells are formed by ex vivo methods 
from monocytes and hematopoietic precursors of CD34+ 
or by the proliferation of circulating in vivo DCs, then 
tumor antigens by transfection of mRNA, DNA, viral 
vectors, tumor lysates, proteins, and Antigen peptides 
are loaded in DCs. The DC maturation stage is vital for 
the effectiveness of the vaccine produced. Maturation 
stimulants such as pro-inflammatory cytokines, CD40 
ligand (CD40 L or CD154), and TLR agonists were used 
in this stage. After reaching adult DCs, DC vaccines 
are injected intra-nodal, intradermal, subcutaneous, 
intravenous, or intra-lymphatic.37

A study by Magro et al showed that in patients with 
severe COVID-19, non-classical monocytes migrated 
from the blood to the lungs, and subsequently, CD1c+ 
conventional dendritic cells follow the same pattern. 
CD141+ conventional and CD123high plasmacytoid DCs 
are not present in peripheral blood and lung.38 In innate 
immune responses to tissue infection or injury, IL-6 is 
produced by myeloid cells such as DCs after detecting 
antigens with the help of their TLRs. This cytokine acts 
as a mediator for the production of antibodies by B 
lymphocytes.39

ACE2 is a potential diagnostic and prognostic biomarker 
for chronic inflammatory lung diseases. Structural and 
functional analyses have revealed that spike protein can 
bind to this receptor. ACE2 is highly expressed on the 
surface of epithelial cells in the lung, heart, ileum, kidney, 
and bladder. Because expressing this receptor is high in the 
epithelial cells of the alveolar space of the lung, the virus 
easily enters these cells and destroys the target host cell. 
Epithelial cells, macrophages, and dendritic cells are three 
essential components of innate immunity in the airway. 
Virus-infected apoptotic epithelial cells are phagocytosed 
by dendritic cells and macrophages, and viral antigens 
are presented to T lymphocytes, which trigger adaptive 
immune responses against COVID-19. In addition to 
ACE2, the virus binds to DC-SIGN and its related proteins. 
Dendritic-cell specific intercellular adhesion molecule-
3-grabbing nonintegrin "DC-SIGN" expression is high 
in macrophage and dendritic cells, and this molecule is 
used as a target for direct viral infection on the surface of 
these cells. Antigen-presenting cells migrate to the lymph 
nodes. After presenting viral antigens to T lymphocytes, 
TCD4+ cells increase, producing virus-specific antibodies 
with the help of B lymphocytes. TCD8+ cells, which play 
an essential role in the fight against viral infections, kill 
virus-infected cells.40

In acute SARS-CoV-2 infection, a decrease in immune 

cells, including T lymphocytes, natural killer cells, and 
monocytes, has been observed. Also, there has been a 
significant decrease in dendritic cells with functional 
impairment, and the ratio of conventional dendritic cells to 
plasmacytoid dendritic cells has increased in acute severe 
patients. Although neutralizing antibodies are abundantly 
produced in patients with lymphocytopenia, the responses 
of the RBD and nucleocapsid protein (NP) T-specific 
lymphocytes are delayed in the first three weeks after the 
onset of symptomatic symptoms. Acute responses of RBD 
and NP-specific T lymphocytes primarily include TCD4+ 
lymphocytes. Evidence has shown that dendritic cells 
with impaired function accompanied by early antibody 
production and poor responses of TCD8+ lymphocytes 
can participate in the pathogenesis of acute COVID-19 
disease and be helpful in the vaccine production process.41

Natural killer cells 
Natural killer cells are vital components of the innate 
immune system that provide immediate and sufficient 
responses against pathogens and tumor cells. These cells 
are present in mucosal and lymphoid tissues and rush 
to the site of infection. Immature CD56bright NK cells 
secrete pro-inflammatory cytokines, and mature CD56dim 
CD16high NK cells have cell killing function. These cells are 
used for therapeutic and vaccination purposes due to their 
potential function.42 

Therefore, these cells are manipulated in adaptive 
transmission and drug targeting in vivo. Natural killer 
cells are essential in modern therapies because they are 
regulated by a set of inhibitory and activating receptors, 
enabling them to kill tumor cells while preserving normal 
cells. In Adaptive NK cell transfer, NK cells are first 
purified from the peripheral blood of healthy individuals 
and activated with IL-12 or IL-15 cytokines before 
injecting the patient in vitro.43

Decreased CD107a, IFN-γ, TNF-α in TCD8+, and NK 
cells have been observed in patients with COVID-19. 
Increased natural killer cell group 2 D (NKG2D) 
expression in T and NK cells indicates cellular exhaustion 
in patients improved after treatment. The expression 
of human leukocyte antigen-E (HLA-E) on the surface 
of lung epithelial cells and its interaction with NKG2D 
causes exhaustion in NK cells. The spike protein mediates 
increased expression of NKG2D in NK cells. In vitro, co-
culture of peripheral blood NKs with lung epithelial cells, 
transfected with the gene of SARS-CoV-2 spike protein, 
showed increased expression of NKG2D and decreased 
degranulation of them.44

Healthy NK cells in low-risk individuals detect SARS-
CoV-2-infected cells through viral proteins on the 
surface of virus-infected cells as well as cytokines and 
chemokines produced in response to infection. These 
cells can directly induce apoptosis through antibody-
dependent cell-mediated cytotoxicity in the target cell 
and indirectly target virus-infected cells by producing 
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cytokines to modulate immune responses. Such effective 
innate immune responses can clear SARS-CoV-2 infection 
without causing damage to the lungs. In high-risk people 
with NK cell dysfunction, these cells cannot detect and 
respond safely to infection; this process is due to the 
escaping strategy that the virus uses against the immune 
system. Accumulation of infected epithelial cells, immune 
cells, monocytes/macrophages, and neutrophils cause the 
secretion of chemokines and cytokines, which trigger the 
recruitment of immune cells such as NK cells in response 
to IFN-γ to the lungs. This inflammatory condition can 
act as a catalyst for acute lung injury and ARDS and 
contribute to the prevalence and death of COVID-19.45 

Studies in patients with severe COVID-19 compared 
with mild and healthy people have reported that their 
peripheral blood NK levels have dropped sharply. In 
these cells, the expression level of NKG2D inhibitory 
marker increased in COVID-19 patients compared to 
healthy individuals while the percentage of NK cells 
expressing activation markers such as CD107a, IFN-γ, 
IL-2, and TNF-α has decreased. In NK cells, NKG2D 
expression reduces the expression of IFN-γ, IL-2, TNF-α, 
and granzyme B. Also, Single-cell RNAseq analyzes on 
peripheral blood mononuclear cell46 of COVID-19 patients 
indicate an increase in transcripts of cell exhaustion 
markers such as lymphocyte-activation gene 3 (LAG3), 
program cell death protein 1, and hepatitis a virus cellular 
receptor 2 compared to the healthy control group. The 
studies indicate functional exhaustion of peripheral blood 
NK cells in SARS-CoV-2 patients, which inhibits the virus 
clearance processes and ultimately causes severe damage 
to lung tissue.47,48 

In contrast to the senescence-related role of T-cell 
immunoglobulin and mucin domain (Tim-3) in T 
lymphocytes, it is a functional marker in NK cells and 
increases IFN-γ expression. However, this marker has 
also been reported to be associated with inhibition of NK 
cell killing activity. COVID-19 patients have high levels 
of inflammatory cytokines and chemokines, including 
IL-1 α/β, IP-10, and monocyte chemoattractant protein-1 
(MCP-1). In severe cases, an increase in TNFα, IL-1, IL-6, 
IL-8, IL-10, IL-18, MCP-1and macrophage inflammatory 
protein (MIP-1α) leads to severe destruction of lung 
tissue. NK cells are likely to play a significant role in this 
cytokine-induced destruction. Initially, MCP-1 and IP-
10 chemokines trigger the recruitment of NK cells to the 
inflammation sites, especially to the lungs. The IFN-γ and 
TNF- α produced by these cells may be associated with 
cellular functional processes such as cell lysis increased 
expression of intercellular adhesion molecule 1 by NF-κB 
in target cells involved in this process. Decreased NK cell 
count in combination with decreased IFN-γ and TNF- 
α levels leads to natural killer cell group 2 A (NKG2A) 
expression, reducing the cellular function of NK cells in 
SARS-CoV-2 patients. IL-6 and IL-10 reduce the cytotoxic 
function of NK cells. IL-6 directly reduces the expression 

of perforin and granzyme B while IL-10 is negatively 
related to the cytotoxicity of NK cells by reducing the 
expression of IFN-γ and IL-2.48

Mast cells 
Mast cells are derived from bone marrow CD34+ myeloid 
precursors that circulate in the blood and migrate to 
peripheral tissues, where they are affected by tissue-
specific chemokines and cytokines such as SCF (stem cell 
factor), IL-4, extracellular matrix proteins, and adhesion 
molecules, and differentiate into adult mast cells. Mast 
cells are strategically located throughout the body near 
blood vessels, lymph, and mucosal surfaces such as the 
skin and gastrointestinal tract to communicate with the 
external environment. Mast cells are innate immune cells 
that are involved in adaptive immune mechanisms. These 
cells play an essential role in the body's first line of defense 
against viruses and bacteria. These cells have been targeted 
for therapeutic strategies in cancer immunotherapy in 
several ways, including reducing the number of cells 
by inhibiting c-KIT and modulating the activation of 
these cells with the help of active cell stabilizers.49 FcεR1 
signaling pathway inhibitors, anti-inhibitory antibodies 
and ligands, and TLR agonists.50

Recent studies have shown that CoVs activate the innate 
immune system cells (natural killer cells, monocytes/
macrophages, neutrophils, and mast cells), tissue-resident 
endothelial and epithelial cells, and induce cytokine 
storms in the lungs. The SARS-CoV-2 virus activates 
respiratory mast cells in the early stages of infection. 
Mast cells lead to fatal inflammatory responses and 
pulmonary complications during COVID-19 infection 
by producing pro-inflammatory molecules such as IL-1β, 
CCL2, IL-6, TNF-α, and Broncho constrictor molecules 
such as histamine, prostaglandin-D2, and leukotriene-C4. 
Mast cells detect viral DAMPs through TLR receptors 
or by inducing IgE-FcεRI crosslinking. They release 
inflammatory mediators, which in turn cause pneumonia 
and fibrosis.51 Abnormal production of inflammatory 
mediators caused by SARS-CoV-2 infection can exacerbate 
inflammation in the respiratory system resulting in 
pulmonary complications. Therefore, mast cell stabilizers 
as supportive therapies can be beneficial in reducing 
inflammatory responses and pulmonary complications. 
In other words, it helps reduce deaths due to COVID-19 
infection. Thus, endogenous and exogenous stabilizers of 
mast cells reduce inflammatory responses and pulmonary 
complications by suppressing the activation of these cells 
in SARS-CoV-2 infection. The primary inflammatory 
mediators are the pro-inflammatory cytokines, including 
IL-1, IL-6, TNF-α, and IL-8. Viral infections lead to the 
release of IL-1, which in turn leads to inflammation of 
lung tissue, fever, and fibrosis.49

Adaptive immune system responses against COVID-19
T lymphocyte is considered a pivotal cell in adaptive 
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immunity, which plays an essential role in constraining 
a viral infection such as SARS-CoV-2. Some proposed 
factors play a small part in determining disease resulting 
in viral infections, including available features like T cell 
responses and the number of activated or effector T cells. 
This review is going to survey the role of different types 
of T cells such as memory T cell, TCD8+, and TCD4+ 
lymphocyte in the control of COVID-19 infection in the 
human.52

T lymphocytes subpopulation in COVID-19
The role of T lymphocytes in the improvement or 
exacerbation of COVID-19 infection and long-term 
protection against re-infection is still unclear. However, 
recent studies on different aspects of the T cells responses 
in COVID-19 infection can effectively remove some 
ambiguities.53 A prominent feature of COVID-19 infection 
is the decrease in lymphocytes, which return to normal 
after the disease, has recovery. This decrease is evident 
not only in TCD4+ and TCD8+ lymphocyte counts but 
also in the number of B and NK lymphocytes, so studies 
showed a significant reduction in the number of TCD8+ 
lymphocytes.54,55 

Lymphopenia is a common feature of respiratory 
tract infections, including influenza,56 which occurs 
2-4 days after the onset of symptoms, and along with 
or by disappearing off the symptoms, the number of 
lymphocytes returns to normal,56 However, lymphopenia 
seems to be more lasting during the infection with 
SARS-CoV-2.57 It is also observed in peripheral blood 
T cells, which is maybe due to their migration towards 
inflamed respiratory endothelial cells. However, autopsy 
and scRNA seq of the alveolar lavage of the lung do not 
confirm infiltration and accumulation of lymphocytes.58,59 
Also, scRNA seq data indicates a more significant 
decrease in TCD8+ lymphocytes in patients with a 
severe COVID-19 infection than in milder form.60 The 
lymphopenia in patients with more severe disease may be 
associated with higher levels of TNF as well as IL-6 and 
IL-10,55,61,62 which has directly the potential effect on the 
T lymphocyte populations63,64 and indirectly influence the 
number of dendritic cells and neutrophils as important 
defense cells.65,66 Other factors that reduce the number 
of T lymphocytes include overexpression of apoptotic 
molecules such as FAS or CD9513 and tumor necrosis 
factor-related apoptosis-inducing ligand or CASPASE-3.57

Like other viral infections, the infection with SARS-
CoV-2 is suspected of eliciting responses similar to 
those of T helper-1 lymphocytes. TCD8+ lymphocyte 
counts show a decrease during COVID-19 infection,53 
and in severe form, the number of memory TCD4+ and 
T regulatory lymphocytes is significantly reduced (Fig. 
2). These findings were associated with decreased TCD4+ 
and TCD8+ lymphocytes in lymph nodes. Spleen and 
lymph nodes in these patients have developed atrophy, 
indicating the reduction of these organs' cells.66 The 

activity of TCD8+ lymphocytes reduces, and expression of 
a molecular pattern such as NKG2D, a programmed cell 
death protein 1 (PD1), and Tim1, which are inhibitory 
molecules, can be confirmed. The decreases of NKG2D 
expression in lymphocytes from patients who received 
antiviral therapy seem t normal.67 Lymphocyte counts in 
patients with a mild form of COVID-19 are lower than 
in severe cases. This count has been performed in both 
TCD3+ and TDC8+ lymphocyte groups, and in both 
mild and severe forms of COVID-19 infection, TDC8+ 
lymphocyte counts decrease compared with healthy 
people.68 In addition, TDC8+ lymphocytes are less able 
to degranulation in COVID-19 infection, and they also 
secrete lower levels of IL-2, IFN-γ, and granzyme than 
healthy people. In peripheral blood lymphocytes isolated 
from patients admitted to ICU, the expression level of 
PD1 molecule was significantly reduced compared to 
peripheral blood T lymphocytes of patients with milder 
form and healthy individuals. These findings suggest that 
the SARS-CoV-2 can inhibit the adaptive immune system. 
Like other viruses in the coronavirus family, SARS-CoV-2 
inhibits antigen presentation by MHC Ⅰ, II molecules, 
thereby reducing T lymphocyte immune responses.69

Memory T lymphocytes 
An appropriate and mediate immune response requires 
employment and activation of naïve CD4+ and CD8+ T 
cells, rapid expansion, and specification into the proper 
effector cell type.70 Memory cells, as well as TCD4+ and 
TCD8+ cells, were detected in 100% and 70% of recovered 
patients with COVID-19, respectively.71 In addition, 
memory T lymphocyte responses have been detected for 
several SARS-CoV-2 proteins, including spike protein, 
nucleoprotein, and membrane protein.72 To develop 
protective responses by the adaptive immune system 
against various new antigens, this system needs to create 
a variety of receptors ready to detect new pathogens, such 
as SARS-CoV-2. Therefore, the size and diversity of TCR 
is a crucial factor in identifying antigens. TCRs can be 
divided into pristine forms that do not detect antigens 
and memory receptors.73 Recent studies have revealed 
that in the peripheral blood of people who have not yet 
been exposed to the virus, there are lymphocytes with 
receptors detecting SARS-CoV-2, which may indicate 
a cross-reaction between lymphocytes that distinguish 
between coronavirus and common cold viruses.74 Middle-
aged people and those with chronic diseases had defects 
in the extent and quality of immune responses with 
moderate but persistent inflammation, which is associated 
with changes in the immune responses of lymph node 
lymphocytes.68,75,76 This defect also occurred in B 
lymphocytes, which includes a decrease in their ability to 
respond to viral infections and a decline in the capacity 
of antibodies to bind viruses.77 TCD4+ lymphocytes 
were also impaired, and their differentiation into TH-1 
lymphocytes was increased. TCD8+ lymphocytes exhibit 
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defective activity and decreased expression of CD28, 
which is a stimulatory marker. On the other hand, these 
changes were accompanied by an increase in memory 
B-cells constantly homing in tissues leading to inducing 
inflammatory responses, which ultimately decreases the 
activity of the immune system in the elderly.77,78 Besides, 
various factors influence the quality of immune responses 
in viral infection, especially other types of T cell explained 
in follow. 

TCD8+ lymphocytes 
Preliminary studies of several acute patients indicated 
changing activity and differentiation of TCD8+ 
lymphocytes. As shown in Table 1, some results of these 
studies show the decrease in the count of these cells and 
their final differentiation and an increase in expressing 
inhibitory receptors such as PD1, LAG3, Tim3, CTLA4, 
NKG2A, and CD39.13,54,57,61,67,79 Studies have shown 
that after inoculation of the attenuated live vaccine, the 
number of HLA-DR+ or Ki67 TCD8+ cells increase in the 
blood, indicating the presence of specific T lymphocytes 
in COVID-19 infection. In addition, these cells were not 
seen in all COVID-19 patients due to the diverse pattern 
of TCD8+ lymphocyte responses in these patients.80 In 
viral infections, T-effector lymphocytes play a crucial 
role in eliminating virus-infected cells, and TCD4+ 
lymphocytes have a supporting function for these cells and 

B lymphocytes. B lymphocytes that secrete neutralizing 
antibodies are essential for virus clearance and promoting 
long-term immunity.66

Both TCD4+ and TCD8+ lymphocytes secrete IFN-γ, 
which had antiviral effects.21 Another group of regulatory 
T lymphocytes belonging to CD4+ and CD8+ cells, 
expressing forkhead box p3 (FOXP3) factor, interacting 
with these cells to suppress their activity if needed.81 IL-
10 released by these cells inhibits the immune response 
and leads to anergy of lymphocytes. It also prevented 
inflammation induced by the innate immune response via 
inhibiting the production of IL-6 by neutrophils, which 
increases the secretion of IL-10, tumor growth factor-β 
(TGF-β), and IDO.82 While the expansion of Tregs, TGF-β 
seems to have a regulatory impact on lung damage caused 
by inflammation as it can increase the apoptosis mediates 
by neutrophils and reduces the infiltration of neutrophils 
to damaged tissues. Therefore, it can be concluded that 
Tregs play a role in tissue repairing83; thus, Regulatory T 
lymphocytes are also involved in regenerating damaged 
tissues.6 Some information about lymphocyte enumeration 
and responses in COVID-19 patients has been presented 
in Table 1.

TCD4+ lymphocytes 
Similar to TCD8+ responses, there is evidence of 
dysfunction, increasing or decreasing TCD4+ lymphocytes 

Fig. 2. Responsive lymphocytes in infection with COVID-19. The phenotype of responsive lymphocytes TCD4+ and TCD8+ and different environmental 
factors such as cytokines can play a crucial role in promoting or inhibiting immune responses in infection with COVID-19 and determining its mild and severe 
form. IL, interleukin; IFN-I/III, interferon I/III; CXCL8, CXC-chemokine ligand 8; TNF, tumor necrosis factor; TH cell, T helper cell; TFH cell, T follicular helper cell; 
TH1 cell, T helper 1 cell; TH17 cell, T helper 17 cell; ICOS, inducible co-stimulator; CCR6, CC-chemokine receptor 6. 
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Table 1. Lymphocyte Enumeration and responses reports in some patients with COVID-19

Study group Sample type Applied Techniques Lymphocyte count results Ref.

• 20 healthy people
• 20 people recovering from general 

cold symptoms
Peripheral blood Flow cytometry

TCD4+ and TCD8+ lymphocytes reacted to COVID-19 
antigens, and T lymphocytes cross-reacted with 
common cold antigens.

84

• 14 people in recovery Peripheral blood Flow cytometry TCD4+ and TCD8+ lymphocytes in these people 
responded to COVID-19 epitopes.

85

• 16 healthy people Peripheral blood Flow cytometry
T lymphocytes in people with mild and severe form 
of disease reacted with epitopes of COVID-19 during 
recovery

86

• 8 healthy people
• 8 people with severe symptoms Peripheral blood Flow cytometry Lymphopenia in COVID-19 patients compared with 

healthy group and increased activated phenotype.
84

• 10 healthy people
• 21 people without ICU care
• 12 people with ICU care Peripheral blood Flow cytometry

TCD4+ lymphocytes in the patients in ICU, secrete 
more GM-CSF and IL6 cytokines than the non-ICU 
group.

87

• 245 healthy people
• 19 people with mild symptoms
• 41 people with severe form

Peripheral blood Flow cytometry Severe decrease in T lymphocytes in severe form 
compared whit control group.

88

• 29 healthy men and 29 healthy 
women

• 17 men and 21 women with 
COVID-19

Peripheral blood High performance 
Flow cytometry

Both groups had lymphopenia but in the female 
group lymphocytes was more active. In men with 
severe form, decrease in lymphocyte activity was 
obvious compared with the group with constant 
symptoms.

89

• 8 people with mild form
• 11 people with severe form of the 

disease

Nasopharyngeal 
and alveolar fluid

10x Genomics
scRNA- seq

Fewer cytotoxic lymphocytes but more active 
in mild form which reactive with immune and 
epithelial cells.

90

• 3 healthy people
• 3 people with mild form
• 6 people with severe form

Bronchoalveolar 
lavage

10xGenomics scRNA- 
seq, 10×Genomics 
scTCR- seq

Higher clonal proliferation of lymphocyte in 
mild form of disease were seen that were more 
persistent in tissues.

59

• 5 healthy people
• 5 early recovery people
• 5 late recovery people

Peripheral blood
10xGenomics scRNA- 
seq,10 xGenomics 
scTCR- seq

Higher colonal proliferation of T lymphocytes in late 
cured people were seen, Lower number of TCD8+ 

lymphocytes but with more cytotoxicity in early 
cured people were seen.

91

• 6 healthy people
• 3 people need a ventilator
• 4 people do not need a ventilator

Peripheral blood Seq-Well- scRNA- seq
Multiple immune responses, Over activated T 
lymphocytes in patients were seen which they 
required a ventilator.

92

• 3 healthy people
• 6 people with mild form
• 4 people with severe form

Peripheral blood Seq-Well- scRNA- seq

Severe decrease in T lymphocytes, changes in 
lymphocyte differentiation and over activation of 
T lymphocytes in the severe form of disease were 
seen

69

• 15 healthy people
• 79 people with COVID-19 disease 

(15 people need a ventilator)
• 26 people with the flu (7 of that 

need a ventilator)

Peripheral blood

10x Genomics scRNA- 
seq (influenza and 
COVID-19), Flow 
cytometry

Total and activated lymphocyte counts were 
identical in both groups

93

in COVID-19 patients.55,61 The results show that TCD8+ 
lymphocyte activity is higher than TCD4+ lymphocyte 
activity due to the presence of CD38 and HLA-DR.83,94,95 
Nevertheless, some other studies suggest that TCD4+ 
activity is higher in patients with more severe forms of 
COVID-19. In some patients with a milder form, the 
increase in IFN-γ secretion by TH-1 lymphocytes is more 
severe than in those with a more severe form. TCD4+ 
lymphocytes specific for spike COVID-19 protein have 
also been identified in the acute phase of infection.84 
The role of T helper lymphocytes in the severe form of 
COVID-19 is well known, and TH-2 lymphocyte response 
is normal in individuals with moderate severity of this 

infection. Patients with an acute form of COVID-19 
were reported to have a strong presence of CCR6+ TCD4+ 
lymphocytes,14,94 indicating the potential role of TH-17 
lymphocytes that balances the immune response. Many 
studies have indicated the possibility of an increase in 
several TGF-β-secreting TCD4+ lymphocytes,96 as well as 
a population of GM-CSF-secreting TCD4+ lymphocytes 
in patients with COVID-19.95Activated circulating 
effector T helper ICOS+ CD38+ and circulating T follicular 
lymphocytes, may be altered in patients with COVID-19, 
which may be associated with an increase in circulating 
immunoblasts.13 Some studies have shown that Tregs 
can play a role in tissue healing by inducing the releasing 
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IL-18 and IL-33.97 Simultaneous presence of TGF-β and 
IL-6 reduces the expressing of FOXP3 and T regulatory 
lymphocytes.98 It should be noted that the effect of 
lymphopenia on TCD4+ population reduction is more 
significant than on TCD8+ lymphocytes57,99 and it should 
be determined what is related to the activity or dysfunction 
of TCD4+ lymphocytes and TCD8+ memory lymphocytes. 
In patients recovering from COVID-19, TCD4+ memory 
cells have been identified,70,71,86,100 which may indicate the 
role of memory cells in protection against COVID-19. 
Most viral infections induce the activity and proliferation 
of both TCD4+ and TCD8+ lymphocytes; however, in 
some patients with severe COVID-19, several factors, 
including increased secretion of IL-6, CXCL8, CXCL10, 
and CXCL9, as well as incomplete differentiation of TH-
17 lymphocytes, impede the proper functioning of the 
cells.54,93,101

The immune response to SARS-CoV-2 is mediated 
through the adaptive immune system and the 
presentation of viral antigens by antigen-presenting cells 
to TH lymphocytes, which stimulates the production of 
neutralizing antibodies from B lymphocytes forming 
memory cells to produce antibodies during re-exposure 
to the virus. When TH-1 lymphocytes are activated, 
they activate cytotoxic lymphocyte precursors due to 
the secretion of cytokines IL-2 and IL-12; on the other 
hand, cytotoxic lymphocytes can secrete granzyme 
and proteinase to suppress infected cells in mild cases 
of infection. In severe cases of infection, cytotoxic 
lymphocytes express inhibitory receptors PD1, T cell 
immunoreceptor with immunoglobulin and ITIM 
domains (TIGIT), and cytotoxic t-lymphocyte-associated 
protein 4 (CTLA4). In these individuals, the lysis of 
virus-infected cells will be decreased due to the presence 
of cytotoxic T lymphocyte102 lymphocytes whose CD28 
activating receptor is reduced.103 

T cell therapy is an immunotherapy used to treat some 
cancers. The two main types of T cell therapy include 
treatment with Tumor-infiltrating lymphocytes (TIL) 
and treatment with genetically modified T cells (TCRs 
or CARs). TILs are a heterogeneous cell population 
found in neoplastic lesions and are composed mainly of 
T cells. A fraction of TILs express TCRs against unique 
or common tumor-associated antigens and exert cytotoxic 
effects against malignant cells. These TILs can be isolated 
from resected tumors, selected, and expanded under 
environmental conditions. TTCRs are T cells cloned with 
TCRs in which the variable region of the α and β chains 
is specific to a specific tumor antigen (from a patient or 
human mice immunized with tumor antigens). Such T 
cells detect processed peptide antigens expressed in the 
MHC region. One of the limitations of using TTCRs is 
that this treatment can only be recommended for MHC-
compliant patients. In addition, tumors often lose antigen 
expression through reduced MHC. CAR technology has 
been developed to overcome these limitations. CAR T cells 

are made by integrating an antibody-derived single-strand 
variable fragment (scFv) into T cell intracellular signaling 
domains. Such T cells detect cell surface antigens in a 
non-MHC-restricted manner and are not dependent on 
antigen processing and delivery. First-generation CARs 
contained the scFv associated with the CD3x intracellular 
signaling domain. Second-and third-generation CARs 
were developed to improve the longevity and proliferation 
of injected T cells, containing the intracellular domains of 
one or more excitatory molecules such as CD28, OX40, 
and 4-1BB, which produce the second signaling.104

Relying on old knowledge about T-cell therapy for 
various pathological conditions, including viral infections, 
the use of virus-specific T cells against SARS-CoV-2 
seems to be a rational therapeutic approach for treating 
COVID-19. Autologous or allogeneic viral-specific T cells 
can be expanded in vitro and injected to restore effective 
antiviral immunity. ARS-CoV-2-specific T cells can be 
isolated from the bloodstream of recovering donors and 
expanded using SARS-CoV-2-derived peptides and used 
to treat severe cases of COVID-19. However, the efficacy, 
treatment-related toxicities, and challenges associated 
with using T cell therapy have limited its use in COVID-19. 
It is important to note that using allogeneic T cells is 
impossible due to genetic limitations,65 and in vitro T 
cells show cellular exhaustion with prolonged stimulation 
to achieve the required cellular efficiency. Transfected T 
cells, in turn, can contribute to the cytokine storm that 
leads eventually to complications of COVID-19.105

Cell therapy for COVID-19
Cell therapy is a method that uses the patient's modified 
living cells or donor's cells to combat the disease.104 
Several cell-based therapies using different cells, including 
mesenchymal stem cells, NK cells, Treg cells, specific T 
cells, and platelet lysate, are undergoing clinical trials to 
achieve COVID-19 therapy, described in this review.

Mesenchymal stem cells
Mesenchymal stem cells‚ also called mesenchymal stromal 
cells are a subset of adult non-hematopoietic stem cells 
that originate in the mesoderm. Mesenchymal stem 
cells can be obtained from various sources, including 
adipose tissue, dental pulp, bone marrow, umbilical cord, 
menstrual blood, fetal liver, and their rapid proliferation 
in cell culture also allows the production and freezing of 
large cell banks for repeated therapeutic applications. In 
addition, non-immunogenic mesenchymal stem cells are 
distinguished with low MHC I expression and no MHC II 
expression, and this property makes them an ideal tool for 
allogeneic cell therapy.105

So far, the efficacy and safety of mesenchymal stem 
cells have been well established in several clinical trials 
and the treatment of immune and non-immune diseases. 
Mesenchymal stem cells can modulate the immune 
system,106,107 making them potential therapeutic tools for 
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repairing damaged tissue and inflammation in immune 
disorders (Table 2).108 The main feature of mesenchymal 
stem cells (MSCs) is their ability to interact with the 
innate and adaptive immune system (Fig. 3) by identifying 
the site of inflammation and detecting the presence 
of microbes by stimulating TLRs on their surface. 
Mesenchymal stem cells secrete pro-inflammatory signals 
(such as CXCL10 and IL-6) to utilize NK cells and active 
T cells in the absence of inflammatory signals (such as low 
levels of TNF-α and IFN-γ) through stimulation of TLR4 
receptors by bacterial lipopolysaccharides. Conversely, in 
the presence of an inflammatory environment (high levels 
of TNF-α and IFN-γ) or stimulation of TLR3 by viral 
RNA, mesenchymal stem cells secrete indoleamin2,3-
deoxygenase (IDO1), prostaglandin E2 (PEG2), and 
TGF-β as non-inflammatory signals, which leads to the 
emergence of regulatory dendritic cells as well as regulatory 
T cells. This balance is controlled by a subtle interaction 
between the MSC and tissue-resident macrophages to 
maintain tissue homeostasis.109

By producing significant amounts of inflammatory 
agents, including several cytokines, chemokines, and 
immune response cells, SARS-CoV-2 causes an exaggerated 
immune reaction in the body, which causes edema, 
air exchange disorders, acute heart damage, secondary 
infections, and eventually death. It can be hypothesized 
that mesenchymal stem cell therapy prevents cytokine 
storm mediated by the activated immune system. Immune 
modulation and differentiation are two main mechanisms 
of mesenchymal stem cells. Moreover, coronavirus enters 
the host cell by binding the spike protein of the virus 
surface to ACE2 on the host cell surface, which is not 
expressed in mesenchymal stem cells.110 Currently, more 
than 100 clinical trials in which MSCs could potentially 
be used as a therapeutic agent for COVID 19 have been 
established (Table 3).106

Natural killer cells 
NK cells, one of the prominent members of the innate 
immune system, play a vital role in responding to viral 
infections in humans and animal models. Studies have 
shown that although premature activation of NK cells and 
the release of IFN-γ by these cells is considered beneficial 

in the process of combating infections, prolonged and 
excessive stimulation of NK cells could lead to a reduction 
in the number of them and induction of exhausted 
phenotype which is in the close correlation with increased 
sever systematic inflammatory response syndrome, sepsis 
and eventually a raise in mortality.45

Studies on patients with SARS-CoV-2 have revealed a 
reduced number of circulatory NK cells with high levels of 
inhibitory receptors like NKG2A and producing low levels 
of INF-γ in these groups. These findings have provided 
the crucial element of treatment based on NK cells 
against COVID-19. Treatment products of NK cells can 
be extracted from peripheral blood mononuclear cells,46 
hematopoietic stem cells, or by designing immortal NK 
cell lines by genetic engineering.69 Specifically, genetically 
modified NK cells called CAR-NK cells are now being 
investigated to exert more efficiency when facing 
COVID-19.106 These cells that contain chimeric receptors 
are engineered to express each of these receptors and are 
designed to enhance the capacity of NK cells to eliminate 
cancer cells. Although the eligibility of CAR-NK cells to 
control viral infection is yet undergoing clinical trials and 
has not been evaluated on a large scale, the safety profile 
of CAR-NK cell therapy in patients with cancer who were 
also diagnosed with immunodeficiency suggests that 
CAR-NK cell therapy in patients with mild COVID-19 
infection could be tolerable. Notably, CAR-NK cell therapy 
can be assumed safe to use less likely to lead to cytokine 
release syndrome, considering a commonly undesirable 
phenomenon in processing CAR-T cell therapy. However, 
given that positive results have not been reported so far, 
it is essential to take necessary precautions of using CAR-
NK cells, and the usage of CAR-NK cells in severe cases of 
COVID-19 (Table 4).45

Regulatory T cells
Disruption of the inflammatory processes induced by 
SARS-CoV-2 in patients with severe COVID-19 is partly 
due to the dysfunction of Treg cells, which is responsible 
for inhibiting inflammation. Given that CD4+ T cell 
immunotherapy is a promising approach for CD8+ T cell 
dysfunction in chronic infections and cancers, acquired 
therapy with Treg cells may be an effective strategy for 

Table 2. Performance of immune modulation by mesenchymal stem cells in COVID-19

Effects of immunomodulation following MSCs injection Pathological changes in COVID-19

Improve lung function and pulmonary fibrosis by lung accumulation and 
protection of the alveolar epithelium Inflammatory pulmonary lesions

Promoting endogenous repair in tissue/cellular organization by improving 
conditions in the microenvironment of the organization

Increased levels of aspartic aminotransferase and creatine kinase 
in serum enzymes due to multiple organ failure

Rearrange the functions of immune cell subsets Decreased and hyperactive TCD4+ and TCD8+ cells as a result of 
depletion of immune cells.

Regulation of inflammatory cytokines and inhibition of B and T 
lymphocytes

Induction of cytokine storm that leads to increased levels of IL-7, 
IL-2, IP-10, MCP-1, G-CSF, MIP-1α, TNF-α
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treating COVID-19 by modulating inflammation in lung 
tissue (Table S1, Supplementary file 1). Cellenkos company 
has developed a new allogeneic cell therapy (CK0802) 
consisting of Treg cells to moderate or suppress immune 
system dysfunction by relieving chronic inflammation. 
In addition, the Treg cells express a homing factor in the 
lung, and the residing of these cells in the lung can lead 
to disruption of the cytokine storm mediated by SARS-
CoV-2. In a clinical study using a damaged lung model, 
the effects of Treg transplantation included a reduction 
in inflammatory T cells, inflammatory cytokines such as 
IL-6 and IL-17, and pulmonary hemorrhage, as well as 
regeneration of the lung epithelium and alveoli.111

Virus-specific T cells 
Acquired transmission of antigen-specific T cells to 
treat cancers, autoimmune diseases, and viral infections 
such as cytokine release syndrome (HBV), HCV, and 
cytomegalovirus has been established. In this procedure, 
SARS-CoV-2-specific T cells are isolated from the blood 
of donors who have recovered from the disease. Antiviral-
specific T cell clones are in vitro amplified using SARS-
CoV-2-derived peptides and are used to treat severe cases 
of COVID-19. However, the efficacy, treatment-related 
toxicity, and challenges associated with using acquired T 
cell therapy have limited its use in COVID-19. The critical 
point is that using heterogeneous allogeneic T cells is not 

possible due to genetic limitations (HLA I). On the other 
hand, long-term stimulation of T cells in vitro to achieve 
the desired cell efficiency can lead to forming exhausted T 
cells, which can play a role in the cytokine storm formation 
and complications COVID-19. However, several clinical 
trials are currently underway to treat acquired T cells for 
COVID-19 (Table S2, Supplementary file 1).112

SARS-specific TCD8+ cells have functioned normally 
and may be a potential therapeutic tool for SARS infection. 
Recently, the number of TCD8+ cells has dramatically 
decreased during SARS infection, which causes an increase 
in the CD4+/CD8+ T ratio. The decrease in the number of 
TCD8+ cells is associated with the severity of the disease. 
Also, the number of TCD8+ cells increase after treatment, 
leading to a decrease in the ratio of the CD4+/CD8+T 
cell. Based on these findings, COVID-19-specific TCD8+ 
transmission may be an effective treatment strategy.113

Platelet lysates 
Platelets have been shown to cover a wide range of 
functions. In addition to their involvement in homeostasis, 
platelets have immunological functions and therefore 
participate in the interaction between pathogens and host 
defense. Platelets have a wide range of receptor molecules 
that enable them to sense invasive pathogens and 
inflammation caused by infection. As a result, platelets 
exert antimicrobial mechanisms; however, they also 

Figure 3. Immune modulating properties of active mesenchymal stem cells against overactive immune cells during COVID-19. MSCs effectively 
suppress the immune response through the secretion of soluble molecules or cell-to-cell contact. PEG2, prostaglandin E2; IL, interleukin; TSG6, tumor 
necrosis factor-stimulated  gene-6; IDO, indoleamin2,3-deoxygenase; HLA-G, human leukocyte antigen-G; NO, nitric oxide; TGF-β, tumor growth factor-β; 
FASL, FAS ligand; programmed death-ligand 1 (PDL1); G-SCF,G-CSF; IP-10,interferon-inducible protein 10; MIP-1α, macrophage inflammatory protein-1 
α; TNF- α, tumor necrosis factor- α; CXC-chemokine receptor (CXCR), NK cells, natural killer cells; TH-2, T helper 2; SARS-Cov-2, severe acute respiratory 
syndrome coronavirus 2.
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interact strongly with other innate and adaptive immune 
arms, including neutrophils, monocytes/macrophages, 
dendritic cells, B  cells, and T  cells. There is a fragile 
balance between advantageous antimicrobial effects and 
harmful reactions involved in pathogenesis, and many 
pathogens have developed mechanisms to influence these 
two outcomes.114

Research has indicated the role of platelets in the defense 
against viral infections, which requires specific receptor-
ligand interactions. Platelets interact directly with viral 
pathogens by PRRs.  This interaction subsequently 
leads to platelet activation. Activated and virus-filled 
platelets are then removed from the bloodstream by 
the reticuloendothelial system, facilitating viral load 
clearance. Platelet activation leads to degranulation 
and release of prominent amounts of growth factors 
and biomolecules, which participate in host defense 
mechanisms. In this regard, a new biological molecule 
called kinocidin modulates the immune system, such 
that platelet factor 4 (PF-4/CXCL4) has been reported 
as the strongest kinocidin. CXCL4 is generated by tissue 
damage, inflammation, oxidative stress, and pathogen 
stimulation due to platelet-virus interaction. Another 
important chemokine produced during viral infections 
in host defense is CCL5, which is involved in viral 
lung infections. Active platelets release β-defensin that 
effectively neutralizes a large number of viruses. Other 
platelet-derived peptides, such as thymosin β4, CXCL 
7, or the degradation products of antimicrobial peptides 
(fibrinopeptides A, B, and thrombocidins) do not act 
directly against viral infections.115 However, they can 
prevent secondary bacterial infections in the host. During 
platelet degranulation, the expression of P-selectin 
is increased, which is part of the inner membrane of 
α-granules binding P-selectin receptor glycoprotein 
ligand 1 on the surface of leukocytes.  Direct interaction 
of platelets and leukocytes leads to their activation and 
increases phagocytosis and the production of oxygen 
mediators in neutrophils. The interaction of platelets and 
monocyte augments activation and differentiation, as well 
as increases the expression of tissue factors.109,116

Platelets in a complex process are transformed into 

two forms called platelet-rich plasma and platelet 
lysates. Platelet-rich plasma is a concentrate of platelet-
rich proteins widely used in various diseases. The next 
generation of platelet products is platelet lysate, obtained 
through the rupture of platelet membranes and the 
concentration of active biomolecules. Platelet lysates, like 
platelets themselves, play an essential role in the lysis of 
the virus. Platelet lysate is a product rich in growth factors 
that can lead to cell regeneration through increased 
proliferation and angiogenesis. These properties should 
be further investigated for using platelet lysates as an 
adjuvant in COVID-19 patients.117

Conclusion
In conclusion, the host immune responses are the crucial 
factor in destining COVID-19. Moreover, further analysis 
of these responses has indicated their effectiveness on 
the severity of the disease in different individuals, as 
some infected cases show mild symptoms, and others 
show no symptoms. Therefore, clear comprehension 
of these reactions in individuals with severe symptoms 
and carriers can better recognize the involved molecular 
mechanisms. Accordingly, with the help of which, not 
only can we pave the way to reach a long-term protective 
immunity against this virus, but also it might be possible 
to take preventive and therapeutic measures to overcome 
the outbreak of this virus and other kinds of CoVs. Cell 
therapy is a novel therapeutic method that prescribes 
cellular material for medical purposes. Different kinds of 
cells, including hematopoietic stem cells, mesenchymal 
stem cells, lymphocytes, NK cells, and DCs, can be utilized 
in cell therapy. At present, applying these cells to prevent 
or cure infected individuals of COVID-19 is undergoing 
clinical trials to gain full knowledge of their efficiency. It is 
hoped that this new medicinal approach can successfully 
treat patients diagnosed with COVID-19. 
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Table 4. List of COVID-19 clinical trials using NK cells

Category Therapeutic Trial Identifier Phase Location Mechanism of action

Adaptive 
NK cells

NK cells NCT04280224 I Henan, China Adaptive NK cell therapy

CYNK-001 NTC04365101 I/II New Jersey, USA From human placental CD34+ cells and culture-
expanded

CAR-NK 
cells

NK cells isolate from 
healthy donor PBMCs NCT04344548 I/II Bogota, 

Colombia
Isolated NK cells ex vivo stimulated with IL-2 and 
IL-15

NKG2D-ACE2
CAR-NK cell therapy 
from umbilical cord 
blood

NCT04324996 I/II Chongqing, China

IL-15 prolongs NK cell lifespan, GM-CSF neutralizing 
scFV reduces recruitment of inflammatory cells, 
NKG2D-ACE2 CAR-NK cells can target virally infected 
cells, ACE2 CAR-NK can act as decoy cell
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