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 The severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) is 

now causing a pandemic with a rapid spread and become a global public 

health problem. Coronavirus illness-2019 is a potentially lethal disease, 

especially for patients with comorbidities. Natural killer (NK) cells are 

important in controlling the immunological response in COVID-19 

patients, but their effector capabilities are disturbed in those with 

comorbidities. Preliminary research in COVID-19 patients with severe 

illness reveals a drop in NK cells quantity and activity, leading to a decrease 

in the clearance of infected and activated cells and an unregulated rise in 

tissue-damaging inflammatory markers. Knowing the mechanism and role 

of NK cells in COVID-19 becomes necessary for better understanding and 

treatment of COVID-19. 
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1. INTRODUCTION 

The pandemic of Coronavirus Disease 2019 (COVID-19) is still going on in over 200 nations around the 

world. COVID-19 has had a significant impact on Indonesia, with a case fatality rate (CFR) of 8.9% by the 

end of March 2020 [1], [2]. Adult male patients with a median age of 34 to 59 years old are the most 

commonly infected with SARS-CoV-2. Diabetes, chronic obstructive pulmonary disease (COPD), 

cardiovascular disease (CVD), hypertension, cancers, HIV, and other comorbidities may cause a life-

threatening condition in COVID-19 patients [3], [4]. Adults over 60 years old, as well as those with specific 

underlying disorders such as cardiovascular disease, cerebrovascular diseases, and diabetes, have the highest 

rate of severe clinical manifestations. In addition, severe symptoms may also be linked to bacterial and fungal 

infections. Compared to adults, there are fewer cases of COVID-19 in children under 15 years old [5]. 

Infectious illness morbidity and mortality of COVID-19 can be induced by direct pathogen harm to the host 

or collateral damage to the host tissue produced by an overactive immune response to the viral infection. 

COVID-19 patients have been documented to suffer from damage and acute renal injury. According to a 

study of 99 patients, around 17% of them got acute respiratory distress syndrome (ARDS), and 11% of them 

died due to multiple organs failure [6]. 

 

Natural Killer (NK) cells have a vital role in immune system response. Show that NK cells cytopenia is one 

of the characters of severe COVID-19 [7]. Other studies show a reduction in NK cells function in COVID-
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19 patients. Reduction of NK cells causes a decrease in the clearance of infected and activated cells, and 

causes an unregulated rise in tissue-damaging inflammatory markers [8- 10]. It also has been reported that 

malfunction of NK cells occurs in high-risk patients and cause cytokine storm, which then lead to a life-

threatening conditions such as acute respiratory distress syndrome (ARDS) [11], [12]. 

 

This review article explains the role and mechanism of NK Cells in patients with COVID-19 and how the 

dysfunction of NK cells causes a severe clinical presentation in COVID-19.  

 

2. NATURAL KILLER CELLS IN VIRAL INFECTION 

NK cells are antiviral lymphocytes with a cytolytic activity that attacks a variety of targets, like tumor-derived 

and viruses [13].  It plays an important role in the host's innate immune system and the production of 

inflammatory cytokines. NK cells respond quickly to pathogens in the early stages of infections, before 

adaptive immune responses develop [14]. There are three major subsets of NK cells that can be distinguished 

based on cytolytic activity, cytokine production, and organ-specific location [15]. NK cells are also 

subdivided into 2 groups, namely CD56bright and CD56dim. The CD56dimCD16+ NK cells are mostly found in 

the peripheral blood and are cytotoxic. It is expressing perforin and produces IFN-γ. When there is a contact 

with the cells target, it will also secrete cytokine/chemokine much more. While the other, CD56brightCD16-, is 

found lesser in the peripheral blood, but more in lymphoid tissues. It has less perforin activity, but instead 

increase NK cells effector function by producing cytokines such as IFN γ, IL-12, IL-15, and IL-18  for 

responding stimulation [8], [16]. 

 

NK cells also have a critical role in bacterial and viral lung infections, such as influenza, SARS-CoV-1, 

MERS-CoV infections, and COVID-19 [9], [13]. The NK cells in the lungs are more mature than NK cells 

in the blood, and they are distinguished from the ones in the blood by the existence of CD57+NKG2A- subsets 

of CD56dim NK cells. It is seldom detected in peripheral blood, terminally differentiated, and weakly sensitive 

to cytokines. CD56dim NK cells are usually associated with cytotoxicity, but not for lung NK cells. Lung NK 

cells are shown to be more hyporesponsive for the production of interferon and cytotoxicity. However, lung 

NK cells are still as they are, important cytotoxic actors for infected cells and sources of anti-viral IFN-γ in 

the lung. But, when the lungs get progressively hypoxic, like during some acute pulmonary viral infections, 

it may lead to additional inactivation of NK cytolytic activity [17]. 

 

The innate immune system is vital for battling against viruses since it is the first effective protective barrier 

against infections. NK cells, which are a part of the innate immune system, has a critical part in the host's 

immune defense against pathogens by preventing infection and viral spread throughout the body [13]. NK 

cells are also important for virus clearance and immunomodulation [10]. In addition of the innate immune 

system, there is an adaptive immune system, which is also required against viruses, by the active immune 

response. The members of the adaptive immune system are cytotoxic T cells, immune-conducted 

macrophages, and Natural Killer T (NKT) cells. NK cells also have the unique capacity to locate and lyse 

virus-infected target cells without being recognized [13]. 

 

Infection or cellular stress can cause overexpression of self-encoded molecules that bind to activating NK 

cells receptors (NKp30, NK group 2-member D (NKG2D), and NK cells p46-related protein (NKp46)) that 

can directly target virus-infected cells expressing specific ligands. Furthermore, accessory cells’ production 

of cytokines like INFs, IL-2, IL-12, IL-15, or IL-18 can alert bystander NK cells in viral infection, causing 

NK cells to proliferate and generate cytokines like IFN-g [8], [10], [15]. Another way of virus recognition 

involves NK cells detecting infected cells coupled to surface antibodies of infected target cells, known as 

antibody-dependent cell-mediated cytotoxicity (ADCC). This causes cytotoxic components such as perforin 
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and granzyme proteases to be released. As a result of this critical characteristic, NK cells can also destroy 

virus-producing cells [10], [15]. 

 

The activation of NK cells also can be promoted by a missing “self-tolerance” mechanism. Virus-infected 

cells frequently evade the control of T-cells immune by downregulating major histocompatibility complex 

(MHC) class I expression, which compromises the antigen presentation pathway and makes viruses harder to 

identify by T-cells. Healthy cells have MHC class I molecules that identify them as "self." MHC class I 

molecules bind to inhibitory receptors on NK cells and contribute to the "self-tolerance" mechanism by 

preventing NK cells to kill these cells [8]. Based on a theory called “missing self”, a missing the “self 

tolerance” regulates the cytotoxic action of NK cells. The activation of NK cells is closely controlled by an 

interaction between activating and inhibitory receptors. The first one, activating receptors, is usually specific 

for stress-related, tumor, or viral proteins. The second one, inhibitory receptors, is typically self MHC 

molecules. In normal conditions, NK cells activation can proceed because there is no inhibitory signal. In an 

abnormal condition, target cells that lack self MHC class I expression are referred to as "missing self." 

Downregulation of MHC class I is a method used to avoid immune responses by cytotoxic CD8 T cells in 

malignancies and viral infections [8], [11], [13], [17]. 

 

In the setting of acute infection, NK cells can stimulate the development of naive CD4+ T cells into Th1 T 

cells by secreting IFN, resulting in greater control of the pathogen. It can also reduce T cells priming by 

secreting IL-10. NK cells stimulation of mature dendritic cells can enhance antigen presentation, which results 

in an increased CD8+ T cells response. Aside from that, NK cells control the response of adaptive immune 

by killing activated T cells cytotoxically. Activated T cells have larger amounts of activating ligands 

(NKG2D) and lower levels of inhibitory ligands (MHC I), which allows them to be recognized and eliminated 

[8]. 

 

3. PATHOGENESIS OF COVID-19 

SARS-CoV-2 has a five-step life cycle: attachment, penetration, biosynthesis, maturity, and release. 

Interactions between the Spike (S) protein and its receptors, angiotensin converting enzyme (ACE2), found 

in many organs such as the heart, lungs, kidneys, and gastrointestinal system, enable viral entry into host cells 

(18). The infection of SARS-CoV-2 predominantly against the type 2 of pneumocytes in alveoli that express 

the ACE2 receptor. SARS-CoV-2 produces pyroptosis in the host cells, causing the release of viral nucleic 

acids and pro-inflammatory cytokines. Pattern-recognition receptors located near pneumocytes and resident 

alveolar macrophages identify these molecules, triggering the pro-inflammatory cytokines and chemokines 

such as IL-1b, IL-6, IL-8, GM-CSF, TNF-a, IFN-g, IP-10/CXCL10, MCP-1/CCL2, MIP-1a/CCL3, and MIP-

1b/CCL4 to be produced. The lung parenchyma and interstitium are then filled with inflammatory monocytes, 

CD4 and CD8 T cells, neutrophils, and NK cells. By generating extra cytokines, monocyte-derived traditional 

M1 macrophages and CD4 T cells worsen inflammation; a profibrotic subpopulation of alternative M2 

macrophages is also attracted to the lung [19], [20]. Cytokines produced by infected cells also can increase 

vascular permeability by recruiting alveolar macrophages. It also results in the recruitment of other 

components of the immune system and mounts the acute phase response. The dead infected cells through 

immune cells will cause tissue damage, and result in alveolar edema, leading to hypoxia [11]. A pro-

inflammatory feedback loop is created, resulting in a circulating cytokine storm and hemophagocytic 

macrophages in reticuloendothelial organs. SARS-CoV-2 may cause endotheliitis in the pulmonary 

vasculature by directly infecting ACE2 endothelial cells [19- 21].  

 

4. THE ROLE OF NATURAL KILLER CELLS IN COVID-19 

Infectious diseases morbidity and mortality can be caused by direct pathogen harm to the host or collateral 
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damage to the host tissue produced by an overactive immune response to the infection. COVID-19 has 

emerged as a serious infectious illness that is impacting people all over the world and posing a threat to their 

health and lives. Lymphocytes, particularly NK cells, are critical components of the immune system in the 

battle against viral invasion [15]. 

 

A decreased number of CD8 T cells, CD4 T cells, NK cells, and B cells were seen in individuals with severe 

COVID-19 illness, making lymphopenia a frequent finding [11]. Overexpression of the inhibitory receptor 

NKG2A causes impairment of  NK cells and CD8+ T cells activity [14]. It is also found that the cytotoxicity 

of NK cells is decreased in patients with COVID-19.  NK-cells cytotoxicity adversely correlated with the 

relative frequency of uCD56dim NK cells. The frequency of CD56dimCD16+ NK cells has been reported to 

slightly increase, whereas the frequency of CD56brightCD16-- NK cells has been observed to decrease, 

especially patient with severe disease. Regardless of clinical characteristics such as sex, age, viral titers, white 

blood cells count, and C-reactive protein levels, the increase of the uCD56dim NK cells population was 

prevalent in COVID-19 patients, and it was associated with impaired NK-cells cytotoxicity [22], [23]. 

 

In severe cases of COVID-19, NK cell’s total number is found to decrease significantly, as well as B-cells 

lymphocyte and T-cells lymphocyte. It is also shown in several studies that the number of NK cells in 

peripheral blood cells in COVID-19 patients reduced. NK cells also were found to be decreased in COVID-

19 patients compared to non-infected cases [15]. Another study also found that in patients with COVID-19, 

the number of CD4+ T cells rose while the number of NK cells dropped in the severe stage of infection [24]. 

The hyperfunction of CD4+ and CD8+ T cells but hyporesponsiveness in NK cells explain of severe COVID-

19 infection pathophysiology. NK cells use the Fc domain of bound IgG to identify extracellular virions or 

surface antigens produced on infected cells, and the development of IgG subclasses IgG1 and IgG3 may 

activate NK-cells mediated ADCC through the IgGFc- receptor (FcgR) IIIa during COVID-19 infection. This 

interaction may promote the lysis. 

 

5. DYSFUNTION OF NATURAL KILLER CELLS IN COVID-19 

The severity of COVID-19 is a result of viral elution of immune responses of the host organism. The virus 

can induce direct cytopathic effects, and also play a role in causing COVID-19 severity. The good innate 

immune response can be the first defense against viral infection. NK cells are one of the most critical 

components of the innate immune system because the effector action of NK cells does not require any pre-

stimulation. However, if there is a dysfunction of the immune response, it will cause excessive inflammation 

that can cause death in the patient [11]. According to research, severe COVID-19 patients had considerably 

fewer circulating NK cells than those with moderate disease [9], [10]. In this severe disease, it is found that 

even though degranulation was maintained, circulating NK cells had increased expression of the inhibitory 

receptor NKG2A. It also had a hyporesponsive phenotype with lower levels of IFN-g, tumor necrosis factor 

(TNF)-a, IL-2, and granzyme B, which indicates NK cells have an excessive immune mechanism [10]. 

 

In COVID-19 patients with no co-morbidities and low-risk persons, NK cells act as viral responders, but the 

high-risk person has the opposite thing. NK cells will malfunction supervenes and result in a cytokine storm. 

Acute respiratory distress syndrome, which is life-threatening, can follow a cytokine storm. It also found that 

problematic NK cells’ cytolytic activity (including elevated sCD25) was found to be consistent with 

hyperinflammatory conditions consistent with the macrophage activation syndrome [25]. In high-risk people, 

the evasion of viral load fails because of NK cells are dysfunctional due to increased mononuclear cells 

recruitment. It also shown that the generation of inflammatory cytokines and chemokines. A decreased 

number of CD8 T cells, CD4 T cells, NK cells, and B cells were seen in individuals with severe COVID-19 

illness, making lymphopenia a prevalent observation [11]. 
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6. CONCLUSIONS 

Natural killer cells are essential for maintaining immunological homeostasis, which is crucial when 

confronted with a new pathogen. COVID-19 infection, especially with comorbidities, has been demonstrated 

to impair NK cell’s function, breaking this vital balance. Given our current understanding of the innate 

immune system, particularly the role of NK cells in avoiding cytokine storms, this strategy is very likely to 

be beneficial in either preventing COVID-19 acute circumstances or treating severe forms of the illness. 
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