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Abstract

In the SARS-CoV-2 virus pandemic, the questions about specific activity of this virus in induction and/or 
inhibition of the innate and adaptive immune response are still open. Clinical observations of the severe 
and critical course of infection showed the hyperinflammation and cytokine storm. In organs and tissues 
that are a target for viral entry the lymphocytes and monocytes are dominant cells in tissue infiltration. 
There are different ways and different mechanisms leading to immune response disorders. In peripheral 
blood in the severe and fatal course of disease lymphopenia is frequent as a poor prognosis factor. Reduced 
numbers of lymphocytes, mainly T cells and NK cells, are noted in the majority of these patients. The NK 
cells belonging to the innate immunity system are dedicated to the antiviral response due to production of 
interferon (IFN) and direct lysis of virus infected cells. In SARS-CoV-2 infection NK cells’ activity against 
this pathogen is impaired based on inhibition of IFN production and functional exhaustion. The restoration 
of NK cell number and function might support elimination of the SARS-CoV-2 virus, increasing chances of 
recovery. The use of activated NK cells in SARS-CoV-2 therapy is under clinical trials.
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Coronavirus SARS-CoV-2 
The SARS-CoV-2 virus, which is the responsible patho-

gen in the current pandemic, belongs to the Coronaviridae 
family. It is a single-stranded positive RNA virus with a long 
genome showing 80% similarity with SARS-CoV, and  
50% similarity with MERS-CoV. The major part of the 
genome is associated with replicase-transcriptase encod-
ing. Important proteins such as spike (S), envelope (E) and 
membrane (M) are expressed from subgenomic mRNA.  
The spike S protein is essential for infectivity of this par-
ticular virus type. Spike S protein is highly glycosylated 
and composed of two functional domains – S1 and S2.  
The viral entry to human cells is based on the reaction be-
tween the receptor binding domain (RBD) located on a spike 
protein subunit (S1) and the angiotensin converting enzyme II 
(ACE2) receptor present on human cells. There is an alter-
native way of human cells’ infection associated with expres-
sion of CD147 on the surface. CD147 is a transmembrane 
glycoprotein representing a co-receptor for different viruses, 
e.g. measles virus, HIV and SARS-CoV. The way is based 
on virus N protein bound to cyclophilin A interacting with 
the CD147 molecule, forming a complex. Moreover, it was 
shown that cyclophilin-CD147 interaction is involved in 
regulation of the inflammatory response. The lack of a sense 
of smell, a common symptom after infection with SARS-
CoV, is a result of binding of the virus to the cellular receptor 
neuropilin-1 (NRP1) expressed on the olfactory epithelium. 
Different ways of infection with SARS-CoV-2 result in the 
variety of clinical symptoms and different course of disease  

[1, 2]. The SARS-CoV spike S protein is recognised as an 
antigen by APC (antigen presenting cells); in consequence 
of the immune humoral response, the specific antibodies 
are directed against this protein [2-4]. The localisation of 
the ACE2 receptor on different cells and tissues leads to 
development of a combination of clinical symptoms from 
the lungs, heart, gastrointestinal tract, kidneys, brain and 
others. The replication of this virus after the cell entry is 
based on translation from the genomic RNA by the rep-
licase-transcriptase complex. This process requires ribo-
somal frameshifting. Moreover, in coronaviruses, the rep-
licase-transcriptase complex is associated with remodelling 
of cellular membrane, facilitating further viral RNA synthe-
sis as a result of this process [2]. 

Infection and clinical symptoms

Virus SARS-CoV-2 infection, like other viral infec-
tions, induces innate and adaptive immune responses with 
different effects on particular cells, tissue types and organs. 
The changes in numbers, phenotypes and functions of im-
munocompetent cells after SARS-CoV-2 infection are 
shown in Table 1. After binding of the ACE2 receptor by 
the SARS-CoV-2 virus, the activity and expression ACE2 
on the cell surface decreases, leading to an imbalance of 
the renin-angiotensin system. It is the first step of changes 
in vessels, mainly in the lungs, resulting in increased per-
meability (leaky vessels), vasoconstriction, formation of 
platelet-fibrin microthrombi in small and medium size 
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vessels (Fig. 1) with deep alveolar damage observed in 
patients with severe respiratory symptoms (acute respira-
tory distress syndrome – ARDS) [2, 5]. Disorders of the 
coagulation system and microthrombi formation in small 

Table 1. SARS-CoV-2 infection – mechanisms and effects of infection on innate and adaptive immunity cells (according to 
ref. [2])

Target Mechanism Results

Innate immune response

Dendritic 
cells (DC)

Infection through ACE2 receptor, activation Probably increased IFN production, reduction 
of CD86 expression 

Migration of DC1+ (subpopulation of DC) into lungs 
during ARDS

Total number of DC decreased 

Macrophages/
monocytes

Release of IFN in initial stage of disease, later – release  
of proinflammatory cytokines

Decrease of CD14+CD16- monocytes, increased CD14–
CD16+ monocytes subset, in lungs – increased monocytes 

M1-like profile associated with production  
of proinflammatory cytokines 

Neutrophils Recruitment to lungs in ARDS and thrombotic changes, 
expansion related to severity of symptoms

In severe cases – induction of lung injury 
(alveolar damage) may be due to production 

of neutrophil extracellular traps (NETs)

NK cells Decreased function (exhausted profile) – reduction 
of CD107a+/IFN+/IL-2+/TNF+ NK cell subset

Reduction of total number in severe course,
in ARDS decrease of CD56– NK cell subset

Adaptive immune response

T lymphocytes Stimulation of cellular response, activation with production  
of cytokines IFN, TNF and perforin, granzyme

Exhaustion due to continuous expression  
of PD-1 and TIM-3

Decrease of total T cell number, mainly decrease 
of CD8+ cytotoxic T cells

Occurrence of antigen-specific T cells – CD4+ with central 
memory phenotype, CD8+ with effector memory phenotype

B lymphocytes Induction of response related to severity of disease,  
increase of plasmablast number in severe course

Production (not in all recovered) of neutralising specific 
antibodies IgG class, decreased number 

of B cells due to total lymphopenia

and medium size vessels have been noted in many organs 
in relation to endothelial ACE2 expression. The study of 
inflammatory infiltrations in lung parenchyma of SARS-
CoV-2 patients showed a mononuclear cell type of infil-
tration, containing mainly monocytes and lymphocytes. 
There were both T lymphocyte subpopulations (CD4+ 
and CD8+) with predominance of CD4+ cells and a high  
CD4 : CD8 ratio in consequence. CD4+ lymphocytes pro-
duce aggregates around changed small vessels, especially 
with microthrombi. CD68+ macrophages are present with-
in the alveoli in increased numbers, forming infiltrations 
correlating with ARDS and disease severity. Lymphocytes 
and macrophages recruited to the lungs are activated, so 
they produce and release all types of cytokines, chemokines 
and other soluble mediators according to their potential and 
repertoire [5]. The clinical symptoms related to different 
organs after SARS-CoV-2 infection are shown in Table 2. 

Hyperinflammation and cytokine storm 

The process of inflammation is important to clear in-
fection of bacterial or viral aetiology. This inflammation 
is usually under control by the immune system. After 
elimination of the pathogen, the inhibition of cell activa-
tion, damping down the inflammation, returns the immune 
system to the state before stimulation. According to one 
hypothesis, called the “cytokine storm,”, uncontrolled 
overproduction of proinflammatory cytokines leads to 

Viral binding to ACE2

Downregulation of ACE2 Endothelial cell damage 
and/or activation

Decreased cleavage of 
angiotensin I and II

Elevated vasoconstriction and 
permeability

Expression of inflammatory 
mediators

Alveolar and lung parenchyma 
damage

Neutrophil and platelet recruitment, dysregulation of macrophages

Release of cytokines and chemoattracting factors

Inflammation and thrombus 
formation

Activation of coagulation and 
fibrin deposits

Fig. 1. Mechanisms of COVID-19 infection – vascular-
pathophysiology as an example (according to ref. [11])
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a severe and critical course of disease with a fatal outcome 
in many cases, based on the cytopathic effect of SARS-
CoV-2 infection. Infected cells die during viral replica-
tion. SARS-CoV-2 infection of epithelial cells causes 
the process of massive death of infected cells with a high 
level of pyroptosis, an inflammatory form of apoptosis 
(programmed cell death). It is suggested that pyroptosis 
may be an initiating factor for the hyperinflammatory re-
sponse to infection (Table 3) [5]. Interleukin (IL)-1β is 
the main cytokine released during pyroptosis of infected 
cells. A high level of IL-1β was observed in serum and 
bronchoalveolar lavage fluid of patients with a severe 
course of infection. Moreover, epithelial cells infected 
with SARS-CoV-2 release viral RNA detected by other 
cells based on pattern recognition receptors (PRR). Acti-
vation of PRR and IL-1R stimulates and support secretion 
of proinflammatory cytokines and chemokines including 
IL-6, interferon g (IFN-g), MCP-1/CCL2, MIP-1a/CCL3, 
MIP-1b/CCL4, IP-10/CXCR4. Activated macrophages 
and lymphocytes (mainly T CD4+ cells) recruited to the 
place of infection sustain and potentiate an inflammatory 
response in tissue, e.g. lungs, resulting in damage of lung 
parenchyma [5]. The list of cytokines noted at high levels 
in serum of SARS-CoV-2 infected patients with a severe 
and critical course of disease includes IL-1b, IL-1RA, 
IL-7, IL-8, IL-9, IL-10, fibroblast growth factor (FGF), 
G-CSF, GM-CSF, IFN-g, IP-10, MCP-1, MIP-1a, PDGF, 
and tumor necrosis factor (TNF) (Table 4). Additional-
ly, in patients with severe disease, the level of VEGF 
was higher than in healthy people, stimulating neoan-
giogenesis and migration of activated immune cells and  
fibroblasts as an additional mechanism of alveolar injury  

[1, 2, 4, 5]. This profile of cytokines and chemokines was 
noted in many groups of patients, but in some cases, oth-
er cytokines were present at a high level. These observa-
tions showed IL-18, IL-33, TGF‑β [3], IL-17, PD-L1, and 
IL-4 [6], but the clinical significance is not fully known.  
Hyperinflammation with hyperactivation and overproduc-
tion of cytokines are probably basic mechanism for ex-
haustion of T cells, NK cells and macrophages. However, 
the impaired function and exhaustion of immune system 
are not exclusive mechanisms of SARS-CoV-2 avoiding 
immune system control.

Escape from immune system surveillance
The mechanisms of SARS-CoV-2 immune system eva-

sion are not precisely described, but the similarity with 
SARS and MERS viruses suggestings some ways of es-
cape. The common mechanism to avoid recognition is for-
mation of a double vesicle shielding from PRR sensing. In 
SARS viruses, N protein from the surface is suspected to 
interfere with RNA recognition by the host. Another pos-
sible mechanism is typical for many pathogens – reduction 
of antigen presentation due to downregulation of MHC ex-
pression on APC [2]. The main antiviral cytokine, IFN-γ, 
directly inhibits viral replication and enhances antigen pre-
sentation. It is reported that SARS-CoV-2 synthesises and 
secretes a novel, short protein encoded ORF3b, inhibiting 
expression of IFN‑b, which facilitates and enhances viral 
pathogenicity [3, 4]. Moreover, the synthesis of other pro-
tein – non-structural proteins (nsps) – was noted. Nsp16 
methylates viral RNA, therefore preventing recognition 
and suppressing the type I IFN response [7]. 

Table 2. Organ infection with SARS-CoV-2 – pathological findings leading to damage and impaired function (according to 
ref. [2])

Organ Pathological findings Clinical symptoms

Lungs Mononuclear inflammatory cell infiltration, cellular and proteinaceous 
exudate, hyperplasia of pneumocytes (type II), vascular congestion, fibrinoid 

vascular necrosis, hyaline membrane formation (DAD), desquamative 
pneumocytes, fibrin deposit with early organization, thrombi in small vessels

ARDS, prolonged infiltration, 
progressing fibrosis, bronchiectases,  

lung insufficiency

Gastrointestinal 
tract

Infiltration of mucous membrane with plasma cells 
and lymphocytes, oedema of lamina propria, partial epithelial degeneration, 

necrosis, shedding of epithelial cells

Diarrhoea, nausea, vomiting in acute 
phase, persistent infection  

(viral RNA in stool) 

Liver Mild microvascular steatosis, mild lobular and portal infiltrates, centrilobular 
sinusoidal dilatation

Mild and transient liver injury  
(increased level of enzymes)

Heart Cardiomyocytes hypertrophy, degeneration and necrosis 
of some cardiomyocytes, oedema, infiltration with monocytes, lymphocytes 

and neutrophils (small amount of cells)

High risk of death due to heart attack, 
insufficiency of cardiovascular system

Kidney Diffuse proximal tubule injuries (loss of brush border, 
vascular degeneration, necrosis)

Lymphocyte infiltration
Glomerular damage (mesangial proliferation)

Acute kidney failure, proteinuria, 
haematuria, increase of creatinine, urea 

nitrogen, chronic dyselectrolytaemia

Brain Typical changes for viral encephalitis in CSF Headache, nausea, vomiting, impaired 
consciousness, disorders of memory after 

infection (“foggy mind”)
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NK cells

The NK cells are a small population (up to 10-15%) of 
circulating mononuclear cells with a crucial role in antivi-
rus defence. Their main functions are production of cyto-
kines and direct cytotoxicity of transformed cells with viral 
infection or the malignant process. NK cells develop in 
bone marrow and in secondary lymphoid structures such as 
tonsils, lymph nodes, and spleen. They belong to the group 

of innate lymphoid cells, preferentially type 1 (ILC). Steps 
of NK cell development and maturation in bone marrow 
and lymphoid tissues include expression of stage specific 
determinants (e.g. CD244 in precursors, CD122 in stage 2b 
of development, up to expression of CD16 and CD56 in 
mature NK cells and KIR in adaptive NK cells), and loss 
of determinants typical for early precursors (e.g. CD34). 
NK cells are often divided into circulating conventional 
NK cells (cNK) with ontogeny mainly in bone marrow 

Table 3. Mechanisms of SARS-CoV-2 infection and evasion from immune system surveillance (according to ref. [1, 11])

Target of virus Mechanism of interaction and results

Cell surface receptors ACE type II (ACE2), neuropilin 1

Regulation of receptors Upregulation of ACE2 by IFN type I and II, followed by shed with ADAM17 and TMPRSS2

Types of cell infected Cells expressing ACE2: lung epithelial cells, enterocytes in small intestine and colon,  
vascular endothelial cells, cardiac pericytes, corneal epithelial cells, renal and bladder epithelium, 

alveolar macrophages, hepatocytes, pancreas and others
Neuropilin 1: olfactory sustentacular cells

Cellular outcomes after infection Pyroptosis and cells lysis

Lymphocyte memory T cells specific for common cold coronaviruses with cross reaction to SARS-CoV-2, 
T cells specific for SARS-CoV-2 in recovered patients

B specific memory cells

Lymphocyte disturbances Lymphopenia and T cell functional exhaustion
Decrease of number and impaired function of NK cells

Humoral immunity In recovered patients – high level of anti-spike S protein antibodies with decline of level within months, 
in some patients – lack of specific antibodies’ production 

Cytokine overproduction TNF, IFN, IL-6, IL-1b, IL-2, IL-8, IL-17, G-CSF, GM-CSF, IP-10, MCP-1

Key inflammatory chemokines 
and attractants

CCL2, CCL3, CCL5, CCL17, CCL20, CCL22, CXCL1, CXACL2, CXCL5, CXCL8-CXCL11, 
PAF, LTB4, C5a

Clinical complications ARDS, cardiac and kidney injuries, coagulation and neurological disorders, cytokines storm,
Kawasaki-like syndrome (MIS-C) in children

ACE2 – angiotensin-converting enzyme II, TMPRSS2 – type II transmembrane serine proteases, ADAM17 – metalloproteinase domain 17

Table 4. Clinical significance and prognostic role of cytokines and chemokines produced during SARS-CoV-2 infection 
(according to ref. [4])

Cytokine, chemokine Clinical significance Prognostic value

IP-10, MCP-3, IL-1Ra Associated with clinical severity and outcome in direct relation High level – poorer prognosis

IL-6 High level is associated with risk of ARDS and disease severity High level – poorer prognosis

IL-8 Direct correlation of level with severity Highest level in ICU critical patients

IL-10 Higher level than in healthy people Without prognostic significance

IL-2 Increased level in severe cases Without prognostic significance

IL-2R Related to severity, associated with high level of ferroprotein and 
high eosinophil count

Probably without significance

IL-1b Without relation to disease severity Without significance

IL-4 Related to lung damage No information about prognostic significance

IL-18 Important in regulation of antibody production by B cells in recovery Better prognosis 

IFN-g High level is related to severity of disease Prolonged high level – poorer prognosis

GM-CSF Increased production (GM-CSF+, INF+ T cells, 
CD14+CD16+GM-CSF+ monocytes) is related

High level in ICU patients

ICU – intensive care unit
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and non-conventional NK cells localised in tissues (tissue 
resident NK cells – trNK). The differences between cNK 
and trNK are shown in Table 5. The main mechanisms of 
elimination of infected or transformed cells by stimulated 
NK cells is based on direct lysis of target cells. These NK 
cells are stimulated and directed against transformed cells 
due to upregulation of self-encoded molecules induced by 
infection, stress, downregulation of ligands for inhibitory 
receptors such as KIRs (killer cell immunoglobulin-like re-
ceptor), and direct recognition of viral moieties via PAMPS 
[7]. NK cell activity is modulated by cytokines, mainly 
stimulating – IL-2, IL-12, IL-15, IL-18 – alone or in com-
bination, and IFN type I produced by infected cells or acti-
vated APC. These cytokines promote NK cell survival, pro-
liferation, cytotoxicity and production of cytokines [7, 8]. 

NK cells and viruses
NK cells are crucial in antiviral defence. There are two 

basic mechanisms of NK action – production of IFN and 
other stimulating cytokines inducing activation of T cells 
and direct cytotoxicity of infected cells [8, 9]. Despite the 
combination of cytokines, NK cells are activated by infect-
ed DC (dendritic cells) during cell-to-cell contact in drain-
ing lymph nodes. Stimulated NK cells produce IFN-g with 
double activity – promoting non-cytolytic control of virus 
replication and enhancing the antiviral T cell response. 
Production of IFN-g by activated NK cells is supported 
by IL-18 released by activated, inflammatory monocytes. 
Within many receptors associated with reaction with the 
virus-infected target, KIR2DL1/2 and NKG2A present on 

NK cells are important. Both receptors can be inhibited by 
interaction of viral proteins with HLA-C and HLA-E fol-
lowed by binding to KIR2DL1/2 and NKG2A [8, 9]. The 
inhibitory receptor NKG2A interacts with the non-classi-
cal MHC receptor HLA-E, a potent regulator of NK cell 
antiviral activity. After recognition of an infected cell, NK 
cells become highly cytotoxic, leading to direct lysis of the 
target cell with perforin monomeric, granzyme and granu-
lin. Moreover, NK are able to eliminate infected cells with 
another mechanism: CD16-mediated ADCC (antibody- 
dependent cell-mediated cytotoxicity). In this last way 
of infected cells’ elimination, antibodies to viral antigen 
and receptor FcgIII/II on the NK cell surface are involved. 
ADCC is possible only when target cells are antigen- 
opsonised with specific antibodies produced by B cells 
and NK cells are educated by self-specific HLA-binding 
receptors [8, 9]. The study of the antiviral response in mice 
showed a subpopulation of NK cells with memory proper-
ties. In humans memory NK cells were shown in a study of 
the response to specific viral antigens and cytokine profile. 
These memory NK cells express CD94/NKG2C, CD57, 
CG69, SYK, EAT2 and KIRD2DL markers [10].

NK cells and SARS-CoV-2 
Circulating NK cells are recruited to SARS-CoV-2 in-

fected tissues and organs, most frequently the lungs. These 
NK cells express high levels of CD16 and KIR, which 
means high cytotoxic activity and ability to lyse infected 
cells. In this point, the questions why activated NK cells 
are not able to eliminate the SARS-CoV-2 virus, and why 

Table 5. Comparison of conventional and tissue resident NK cells (according to ref. [8, 9])

NK cells
conventional/
non-conventional

Characteristics

phenotype production function

Conventional cNK CD56, CD16, CD27, CD11b Th1 cytokines: IFN‑g, TNF, GM-CSF 
Chemokines: CCL3 (MIP-1α), 

CCL4 (MIP-1β), CCL5 (RANTES), 
XCL1, CXCL8

Perforin, granzyme

Cytotoxicity

Tissue-resident (trNK) 

Thymic NK cells CD56, CD16, CD127, CD69 IFN‑g, TNF, FasL, chemokines
Perforin, granzyme

Role in thymopoiesis, elimination  
of double negative T cells (TRAIL)

Liver NK cells CD56, CD69, CXCR6, 
CD49a

IFN‑g, TNF, GM-CSF, TRAIL Low cytotoxicity, high production 
of inflammatory cytokines

Lung NK cells CD16, CD56, 
CD69, CD49a, CD103, CD94

(inflammation)

IFN‑g, TNF, GM-CSF Cytotoxicity, support of 
inflammation with cytokines  

and chemokines

CD56bright, CD94, CD49a
NKG2A, CD103

IFN‑g, TNF Protection of implanted 
fetus, promotion of placental 

vascularisation

Uterine NK cells

Skin NK cells

Like cNK and CD69 Cytotoxicity against melanoma 
cells, supporting inflammation  

in skin autoimmunity
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the massive infection leads to a fatal outcome, are crucial. 
The answer is not simple. Observations in patients with 
SARS-CoV-2 infection showed an inverse correlation of 
circulating NK cell number and disease severity – in criti-
cally ill patients the NK cell number was lower than in pa-
tients with a mild course. Moreover, circulating NK cells in 
severe disease demonstrated a hyporesponsive phenotype 
with a low level of IFN‑g, TNF, IL-2 and granzyme pro-
duction. On the other hand, it indicates that NK cells with 
a hyporesponsive phenotype do not contribute cytokines 
toward the cytokine storm. The NK cell number increased 
during recovery, suggesting transitional downregulation in 
the severe course. In lung tissue, in the mild course, the 
number of infiltrating NK cells was higher than in severe 
and critically ill patients. The decreased number of circu-
lating NK cells during SARS-CoV-2 infection may be due 
to redistribution of these cells into infected tissues, despite 
NK cells’ exhaustion and death. There are other possible 
mechanisms resulting in hypoactivity of NK cells; one of 
them is associated with a high level of TGF-β noted in 
SARS-CoV-2 patients, and high levels of IL-6 and TNF in 
the hyperinflammatory state impairing cytotoxic and cy-
tolytic function of NK cells. Another possible mechanism 
of inhibition of cytotoxic activity of NK cells is associated 
with modification of CD107a expression on NK cells after 
contact with lung epithelial cells transfected with S1 spike 
protein of SARS-CoV-2, which was observed in culture of 
NK cells with transfected Beas-2B cells. This co-culture 
resulted in decrease of CD107a expression (degranulation 
marker) on NK cells. The probable mechanism is based 
on expression of HLA-E on epithelial lung cells and inter-
action of viral proteins (including S1) with the NKG2A/
CD94 inhibitory receptor on NK cells [11, 12]. Most of 
these observations came from the severe and critical course 
of SARS-CoV-2 infection. Studies of NK cell activity in 
patients with mild or asymptomatic SARS-CoV-2 infec-
tions are required, but they are difficult due to the low 
number of such patients [2, 5, 7, 13-15]. 

Summarising the study in SARS-CoV-2 patients, it 
seems that NK cells are ineffective due to virus-derived 
mechanisms leading to inhibition of cytotoxic and cyto-
lytic activity. Considering the decreased number of NK 
cells in patients with a severe course of disease, the idea of 
using NK cells as a potential therapeutic target in SARS-
CoV-2 infection was developed. So far, there are two clin-
ical trials with NK cells used in SARS-CoV-2 infection: 
genetically modified NK cells (CAR-NK) in early-stage 
disease and CYNK-001 cells with NK cell activity (86 pa-
tients). The results are not yet published [14].

NK cells in lungs 
The most interesting, in a SARS-CoV-2 infection, are 

resident lung NK cells and their activity against this partic-
ular virus. In physiology, NK cells account for up to 20% of 

lymphocytes within lung tissue. Considering the phenotype 
of lung NK cells, there are 3 subpopulations differing in 
combination of CD16 and CD103 expression. The function 
of lung resident NK cells during infection was shown in 
Mycobacterium tuberculosis infection with high release of 
IFN‑g and perforin with accumulation of these cells in lung 
tissue. During the infection, NK cells are recruited from 
blood into infected tissue but they still circulate in periph-
eral blood and further migrate after stimulation. The precise 
role of the lung resident NK subpopulation and percentage 
of circulating NK cells that become lung resident NK cells 
after migration are not known. Without infection the phe-
notype of NK cells is typical for mature CD56+, CD16-, 
CD57, NKG2D, KIR, CD49a cells without activation mark-
ers. Alveolar macrophages are probably responsible for the 
hypofunctional state of lung resident NK cells according to 
mechanisms regulating homeostasis [7, 12, 16-20].

NK cells in pneumonia
Experimental research with viral infections of lungs 

(respiratory syncytial virus, parainfluenza virus, influenza 
A virus) showed that NK activities blocked the virus burden 
and protected against severe and fatal disease. However, the 
non-active state of NK cells in lungs without infection sug-
gested that prolonged highly active NK cells during lungs’ 
viral infection may potentiate lung injury, worsening clin-
ical symptoms. The basic molecule exacerbating lung in-
flammation is IFN‑g at a high level [15, 20]. In Mycoplasma 
pneumoniae interstitial pneumonia the total number of NK 
cells and percentage of cytotoxic active NK cells CD158b+ 
which bind to MHC-I class determinants on target cells are 
lower than in control subjects. The number of NK cells re-
covers after a long time, e.g. 40 days, of the disease [15]. 
Observations of the influenza pandemic in 2009 showed in-
fections of DC, macrophages and NK cells through surface 
sialic acid leading to inhibition of activation and minimal 
production of IFN‑g, TNF and other pro-inflammatory cy-
tokines. Moreover, influenza viral proteins are recognised 
by NCR NKp46 of NK cells, leading to direct lysis of tar-
get cells and stimulation of cytokine production. Evading 
immune control, influenza viruses developed the ability to 
change glycosylation of these proteins, limiting recognition 
by immune cells. Like other viruses, the influenza virus is 
able to redistribute MHC I proteins, enhancing interaction 
with inhibitory receptors on NK cells [21]. The in vitro 
study of the NK cell response to the influenza virus showed 
specific memory of these cells, suggesting significant anti- 
viral activity of the lung resident NK cell population in 
a new contact with the influenza virus [20]. 

SARS-CoV-2 infection of alveolar epithelial cells with 
massive virus replication and severe alveolar damage re-
cruits immune cells to the site of infection. In lungs the NK 
cell population consists of two compartments – resident 
lung NK cells and NK cells coming from peripheral blood. 
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The study of NK cells showed the adaptive NK pheno-
type mainly, with high expression of CD57+ and CD16+. 
The subpopulation of CD56bright NK cells was decreased 
in number. Expression of NKG2D, DNAM-1 and NKp30 
was reduced. Bronchoalveolar lavage showed a lower NK 
cell number in the severe course of SARS-CoV-2 infec-
tion, and a higher number in the mild course. The number 
of NK cells in severe infection was similar to the number 
in healthy people. In critically ill patients, the number of 
NK cells in peripheral blood was deeply decreased, which, 
in consequence, diminishedreduced the possibility of mi-
gration of NK cells from blood into lungs [22, 23]. Howev-
er, despite the low number of NK cells, expression of per-
forin on NK cells was significantly increased in the severe 
course of infection. It was important for the suggestion of 
a compensatory increase of cytotoxicity [22]. Hyperactiv-
ity of NK cells with overproduction of IFN-γ is associated 
with supporting and increasing lung inflammation. On the 
other hand, a prolonged hyperactivation state of NK cells 
makes them prone to exhaustion and cytolysis after killing 
infected target cells as a possible explanation for reduction 
of NK cell number [12]. In phenotype assay NK cells in 
patients with severe SARS-CoV-2 pneumonia and ARDS 
showed low expression of CD107a, increased expression 
of NKG2A, PD-1, CD39 and exhaustion markers – LAG3, 
PDCD1, HAVCR2 [7]. The lack of NK cells’ effective 
anti-viral function is an important immunological signal 
for macrophage activation syndrome. As back regulation 
in macrophage activation syndrome (hemophagocytic 
lymphohistiocytosis – HLH) high levels of IL-6 and IL-10 
cytokines inhibit cytotoxic activity, perforin and granzyme 
expression of NK cells, finally eliminating NK cells as an 
important player in viral infection [12]. A study of pa-
tients who recovered from SARS-CoV-2 infection showed 
a slow increase of NK cells with no significant changes in 
expression of perforin and granzyme [22].

The immune systems (innate and adaptive) defence 
against viral infection is complex with a variety cells in-
volved in different stages and aspects of the immune re-
sponse. Despite pathogen elimination as the main goal of 
immune system activation, the long lasting cell memory 
(T, B lymphocytes and NK cells) as a potential fast and 
effective immune response against recurrent infection is 
a problem. In SARS-CoV-2 infection, the memory T, B 
and NK cell subpopulations and specific antibodies were 
observed, but the duration of cellular memory is unknown. 
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