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Abstract

The outbreak of the novel coronavirus SARS-CoV-2 and the attendant physiological symptoms associated with 
the COVID-19 disease have led to an explosion of interest studying different aspects of the immune response. 

As of yet, the particular roles of natural killer cells are not well understood in this disease. NK cells are critical 
first-response cytotoxic cells of the innate immune system. NK cells are traditionally considered important for 
their roles in innate immunity against tumors and viral infected cells, as well as their ability to produce cytokines, 
particularly interferon-γ, and participate in antibody dependent cell cytotoxicity (ADCC). Here, we describe the 
role of NK cells in peripheral blood and in the lungs with respect to the pathology caused by SARS-CoV-2 and 
discuss the implications of proposed different types of therapies on NK cells. Evidence is accumulating that NK 
cells play an important role in initial surveillance as part of innate immunity. With the progression of the disease 
and rising inflammation, these cells, when in circulation, appear to become exhausted and ineffective. In the 
COVID lung, however, a complex interplay between inflammatory cells, chemokines, cytokines and aberrantly 
activated migratory NK cells occurs, potentiating local inflammation and the critical situation in the lungs.
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Resumen

El brote del nuevo coronavirus SARS-CoV-2 y los síntomas fisiológicos concomitantes asociados con la en-
fermedad COVID-19 han provocado una explosión de interés en la investigación de diferentes aspectos de 

la respuesta inmune. Hasta el momento, no se comprenden bien las funciones particulares de las células asesinas 
naturales (NK, por sus siglas en inglés: natural killer) en esta enfermedad. Las células NK son importantes 
células citotóxicas de primera línea que forman parte del sistema inmune innato. Las células NK se consideran 
tradicionalmente importantes por su papel en la inmunidad innata contra tumores y contra células infectadas por 
virus, así como por su capacidad para producir citoquinas y participar en la citotoxicidad celular dependiente de 
anticuerpos (ADCC, por sus siglas en inglés: antibody-dependent cell-mediated cytotoxicity). Aquí, se describe 
el papel de las células NK en sangre periférica y en pulmones con respecto a la nueva patología causada por 
SARS-CoV-2 y discute las implicaciones de los diferentes tipos de terapias propuestos con respecto a células 
NK. Al momento, diversos tipos de evidencia comienzan a revelar que las células NK podrían desempeñar un 
papel crucial en la vigilancia inicial contra el SARS-CoV-2. Con la progresión de la enfermedad y el aumento de 
la inflamación, estas células cuando están en circulación, parecen agotarse (“exhausted”) y volverse ineficaces. 
En los pulmones de pacientes con COVID-19, sin embargo, se produce una interacción compleja entre células 
inflamatorias, quimioquinas, citoquinas y células NK migratorias activadas de manera aberrante, lo que potencia 
la inflamación local, contribuyendo a una situación más crítica a la función pulmonar.
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Introduction

The novel coronavirus (2019-nCoV; Severe Acute 
Respiratory Syndrome Coronavirus 2 -SARS-CoV-2-) 
emerged in December 2019 in Wuhan, China. Rapid 
global transmission focused world-wide efforts on 
understanding and controlling the emerging pande-
mic. While the world first focused on understanding 
its symptoms and diagnosis, it was soon apparent that 
the host response to this beta coronavirus, with 79% 
similarity to the virus in the 2003 SARS outbreak, and 
about 50% similarity to the virus in the more dead-
ly 2012 MERS (Middle East Respiratory Syndrome) 
outbreak (Lu et al., 2020), yet not so far removed from 
the viruses that cause some common colds, was exce-
edingly complicated. 

As a virus that in humans causes a respiratory 
syndrome, SARS-CoV-2 infects type I and type II al-
veolar epithelial cells of the lungs, as well as alveolar 
macrophages that are among the first producers of 
pro-inflammatory cytokines. COVID-19 is characte-
rized by progressing stages: a pre- or a symptomatic 
incubation stage, with increasing viral load and con-
tagiousness; the first symptomatic stage, usually 5-11 
days post infection and characterized by dry cough, 
headache, fever, shortness of breath, fatigue, diarrhea, 
and/or loss of taste or smell; after about a week post the 
onset of the first symptoms, the next stage manifests 
with dyspnea and viral pneumonia that involves the 
lower respiratory tract, and inflammatory markers rise. 
A minor proportion of patients experience hypercyto-
kinemia (the often-named cytokine storm) and, with 
systemic inflammation increasing, progress to the rapid 
onset of acute respiratory distress syndrome (ARDS) 
and multi-organ failure (Oberfeld et al., 2020). 

This inflammatory state is characterized by high 
levels of C-reactive protein, D-dimer, and a broad array 
of cytokines such as IL-6, IL-1β, TNF-α, and IL-8, 
and the infiltration of inflammatory and degranulating 
cells, such as monocytes,  monocyte-derived inflam-
matory macrophages, neutrophils, and NK cells, into 
the lungs (Liao et al., 2020; Merad & Martin, 2020). 
The time from the onset of symptoms to the develop-
ment of ARDS ranges from 8 to 12 days, and the me-
dian time to intensive care unit (ICU) admission from 
the onset of illness or symptoms ranges from 10 to 12 
days. Symptoms and disease progression vary widely 
between patients of different ages and with different 
comorbidities (Centers for Disease Control and Preven-
tion, 2020). To give a general overview, one of the first 

of the large population studies (out of China) found: 
mild to moderate (mild symptoms up to mild pneumo-
nia) in 81% of patients; severe (dyspnea, hypoxia or > 
50% lung involvement on imaging) in 14% of patients; 
and critical (respiratory failure, shock, or multiorgan 
system dysfunction) in 5% of patients (To et al., 2020). 

With such a significant difference in physiologi-
cal responses to the same viral infection, interest na-
turally turns to questioning what other variables might 
be important. Increased testing in many countries has 
revealed that higher percentages (than reported at the 
beginning of the pandemic) of infected persons might 
be asymptomatic or paucisymptomatic; that is, capa-
ble, in some unknown way, of eliminating the virus 
before any, or the more severe, pathological effects are 
manifested (He et al., 2020; Li et al., 2020; Oran & 
Topol, 2020). Great interest has focused on the adap-
tive immune system, principally the production of 
neutralizing antibodies, for the control of this disease. 
However, the production of new antibodies lags viral 
infections, and typically takes about 7-10 days. How 
then, to explain the difference in immune response, 
which, in some cases, appears to initiate from the first 
moments of viral infection?

As sentinel antiviral cells of the innate immune 
system and potent producers of cytokines, this raises 
the question, are NK cells important in COVID-19? 
NK cells secrete proinflammatory cytokines which in-
hibit viral replication, stimulate the adaptive immune 
response and recruit other immune cells. On the other 
hand, the hyperactivity of these cells might contribute 
to the symptoms observed in the severest COVID-19 
cases. 

Content

NK cells in SARS-Cov-2 infections and 
COVID pathologies

NK cell definition 

NK cells are the major cytotoxic effector cells of 
the innate immune system. In contrast with the adapti-
ve immune system, innate immunity is constitutively 
active and broadly reactive to a plethora of danger- or 
pathogen-associated molecular patterns. The NK cell 
component of this system is comprised of about 2 to 
18% of the lymphocytes in peripheral blood (Vivier et 
al., 2008). NK cells are large granular cells, now known 
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as members of the innate lymphoid cell (ILC) family, 
that are primarily characterized by their ability to kill 
target cells. (Stokic-Trtica et al., 2020). This cytotoxic 
activity is regulated by the “missing self” postulate 
(Ljunggren & Kärre, 1990). Due to the extreme power 
and reactivity of NK cells, their activation is tight-
ly regulated by an interplay between two classes of 
receptors: activating (generally specific for stress-re-
lated, tumor or viral proteins) and inhibitory (gene-
rally self MHC molecules). The lack of an inhibitory 
signal allows NK cell activation to proceed. The term 
“missing self” describes target cells that do not have 
self MHC class I expression. Downregulation of MHC 
class I is a mechanism to evade immune responses 
by cytotoxic CD8 T cells, often found in tumors and 
viral infections. This explains why NK cells are often 
critical in the immune response to tumors and viruses.  
Additionally, NK cells are activated by the induced-self 
model, that is, the up-regulation of danger signals or 
stress-related proteins in tumor or virus infected cells 
(Diefenbach & Raulet, 2001). 

Human NK cells are traditionally classified into 
two subsets(Lanier et al., 1986): the vast majority are 
CD56dim cells, which are cytotoxic and also strongly 
express CD16, the receptor for the common Fc region 
of IgG (FcgRIII); thus participating strongly in ADCC 
(antibody-dependent cell cytotoxicity), the process by 
which NK cells induce apoptosis in target cells that 
are covered with antibodies. A minority of NK cells 
are CD56bright cells, these CD16dim or negative cells, 
are usually considered immature with respect to their 
CD56dim counterparts, and are biased toward cytokine 
production, and additionally may either have immuno-
regulatory properties, or become cytotoxic in different 
models and situations (Michel et al., 2016). Apart from 
these two divisions, it is important to note that the rap- 
idly expanding world of NK cell subpopulations can be 
divided by maturity status (CD57 and KIR positivity 
marks terminal differentiation and NKG2C+ marks 
antigen experienced mature cells; CD62L marks circu-
lating versus tissue resident CD56bright NK cells) and ac-
tivation state (presence of CD107a, perforin, granzyme 
B), as well as the presence of cytokine receptors and, 
more recently explored, checkpoint molecules (Abel et 
al., 2018; Michel et al., 2016). 

In addition to the above, the lines between NK 
cells and other cells of the innate and adaptive immune 
system have been blurring in recent years. NK cells, 
besides utilizing the familiar cytotoxic T-cell mecha-
nisms of Fas ligand, perforin and granzyme B, and 

TNF/TRAIL in inducing apoptosis in their targets, are 
also now recognized to participate in cross talk with 
various immune cells, sense pathogens using TLRs and 
other pathogen associated pattern receptors to surveil 
local environments (Vitale et al., 2019), and, in contrast 
with earlier views of these cells, exhibit a limited de-
gree of immunological memory (Pahl et al., 2018). This 
last point is intriguing, but, due to the lack of reports 
of pre-existing populations of such cells within patient 
groups with respect to COVID-19 is outside the scope 
of this review. However, memory-like NK subsets may 
explain differing immune responses to SARS-CoV-2 in 
diverse populations, most notably children, that might 
have previously experienced high exposure to other 
viruses; the investigation of such NK cells represents 
another important topic for future studies with respect 
to COVID-19. 

NK cells in the blood

Aside from systemic inflammation, one of the 
most salient observations regarding COVID-19 is the 
onset of systemic lymphopenia, neutrophilia, and ex-
treme neutrophil to lymphocyte ratios (Arentz et al., 
2020; Bhatraju et al., 2020; Giamarellos-Bourboulis et 
al., 2020; Wang et al., 2020). Patients who died from 
COVID-19 were found to have had markedly lower 
lymphocyte levels than survivors. Currently, many 
(though not all) groups have reported a decrease in 
NK cells in the blood, along with the well reported T 
cell decrease. In one of the first of these studies, this 
decrease was more marked in severe versus mild disea-
se sufferers, and was also accompanied by increased 
IL-2, IL-6, IL-10 and TNF-α (Tan et al., 2020). Another 
study associated loss of NK cells in the blood with 
progression of the disease, age and age-related comor-
bidities, such as dyslipidemia, diabetes or hypertension 
(Jurado et al., 2020).

A different study across a heterologous group of 
COVID-19 patients found only a moderate association 
of decreases in NK cells with disease severity, while 
finding hyperactivation of a small group of CD4 and 
CD8 cells in the G1 phase of the cell cycle, yet an 
overall depletion of T cells (most markedly in CD8, 
CD4 [Th1, Th17] and gamma delta T cell populations), 
and depletion of basophils and plasmacytoid dendritic 
cells (Laing et al., 2020). Again, a strong association 
with pro-inflammatory cytokines was seen, with a 
notable upregulation of CXCL10 (also known as IP-
10). CXCL10, perhaps produced by infected airway 
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cells (Spurrell et al., 2005) or activated neutrophils, is 
a chemoattractant and activator of many mononuclear 
cells, notably NK cells (Tokunaga et al., 2018), and has 
been seen increased in other viral airway pathologies 
(Zeng et al., 2005). Notably, this immunophenotype 
was found to be similar to that observed in MERS, 
SARS-CoV-1, and sepsis (Laing et al., 2020). 

While a drop in total lymphocyte counts has 
been widely reported, some groups have found no or 
minimal change in the blood of total NK cell levels 
(Varchetta et al., 2020). 

It is important to note that these observations 
were found in patients with minimal disease symp-
toms. Another group found a biphasic response when 
evaluating mild versus severe cases. In this report, 
they found increased blood NK cells in mild versus 
both healthy donors and severe or critical patients. 
The increased NK activity in the mild patients was 
accompanied by increased IFN-γ and decreased IL-6 
and IL-10, while the severe patients were character- 
ized by significant loss of NK cells, and inhibition of 
the IL-2 pathway in CD8 cells, thus highlighting the 
different immune responses between mild and critical 
cases, and implying that NK activation may be part of 
the effective antiviral immune response in some cases 
(Shi et al., 2020). 

Finally, different NK subpopulations have been 
described in the blood. When looking at different NK 
subpopulations it becomes more difficult to see a clear 
pattern of inhibition or expansion with regards to the 
progress of the disease. Both the majority CD56dim, and 
the rarer CD56bright NK cells were found to be decreased 
in patient peripheral blood. This study found that the  
rare subset of adaptive NK cells, which are NKG2C+ 
CD57+, were increased in severe cases, as were CD-
56bright cells with a cytotoxic profile (perforin, Ksp37, 
MIP-1β, CD98, Tim-3 and granzyme B positive) (Mau-
courant et al., 2020). Another study found the related 
CD57+/FcεRIγ- adaptive NK cells to be increased in 
patients and associated with poor prognosis as well 
(Varchetta et al., 2020). One report found that activated 
CD56- CD16+ NK cells, highly cytotoxic cells, which, 
along with CD56dim NKs, mediate ADCC, were in- 
creased (Marcos-Jimenez et al., 2020). 

Using single-cell RNA-sequencing on periph- 
eral blood from healthy donors and patients, a different 
group found decreased NK cells (both CD56dim and 
CD45bright) and decreased frequencies of myeloid cells, 
including plasmacytoid DCs and CD16+ monocytes. 
Transcripts from patient NK cells showed increased 
Lag-3 and Tim-3 (checkpoint markers) and activation 

marker transcripts, and decreased maturation and cyto-
toxicity transcripts (CD16, Ksp-37 and granulysin) in 
the severest patients (Wilk et al., 2020). Similarly, an- 
other recent report found a sharp decrease in total NK 
cells and mature CD16+ CD57+ NK cells in the blood 
and lungs of the sickest patients with ARDS, while an 
increase in cells with an immature CD57- phenotype, 
along with an increase in checkpoint molecules, which 
will be discussed below (Demaria et al., 2020). 

Exhausted NK cells in the blood

In addition to the loss of NK cells in the blood, 
and changing NK populations, a critical question  
turns on the fitness of the NK cells. It is important to 
highlight that this fitness is not only with respect to 
the traditional cytotoxic NK role in the elimination of  
virally infected cells, but that NK cells also dampen 
local inflammatory responses by eliminating inflam-
matory cytokine producing dendritic cells, monocytes 
and T cells (Malhotra & Shanker, 2011). 

In COVID-19 patients, increased production 
of inflammatory cytokines inversely correlated with  
perforin-expressing NK and T cells, with these poten-
tially cytotoxic cells greatly decreased in ICU versus 
non-ICU patients (Bordoni et al., 2020). While at first 
glance this observation may appear an association  
without causation, the over production of IL-6 has 
been shown to be inhibitory to NK cells and linked to  
decreased perforin and granzyme mediated cytotoxici-
ty (Cifaldi et al., 2015). In a related study with COVID, 
similar associations were observed and the cytotoxic 
activity of the NK cells was restored using the anti-
IL-6R monoclonal antibody tocilizumab (Mazzoni et 
al., 2020). 

Peripheral blood T and NK cells have been found 
to express the checkpoint molecule PD-1 in a number 
of studies (Diao et al., 2020; Varchetta et al., 2020; 
H.  Zheng et al., 2020). In adaptive NK cells, which 
-as mentioned in one study above- were one of the 
few lymphocyte populations to increase with disease 
severity, PD-1 was found to be increased (Maucourant 
et al., 2020). PD-1 is more commonly investigated on 
T cells, but it has been shown that a subset of NK cells 
can express PD-1 and that these cells had a mature 
phenotype KIR+CD57+CD56dim and had been over 
stimulated via NKG2A (Pesce et al., 2017). In light 
of this, the finding that NK cells may over express 
the inhibitory molecule NKG2A in severe COVID-19 
cases is particularly notable (Demaria et al., 2020; 
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M. Zheng et al., 2020). The Zheng group addition- 
ally found expression of NKG2A to increase, while the 
percentages of T and NK cells expressing the activa-
tion marker CD107a and producing IFN-ɣ, IL-2, and 
TNF-ɑ significantly decreased in patients. In recov- 
ered patients, peripheral NK cell numbers rebounded 
and, correspondingly, NKG2A was found to decrease 
upon recovery (M. Zheng et al., 2020). A more recent 
work also found increased PD-1 percentages and NK-
G2A cell surface expression on NK cells (from both 
the blood and lungs) from patients with ARDS. In a 
further experiment, this report examined these patient 
peripheral blood NK cells for their ability to lyse mo-
del target tumor cells. This group convincingly found 
that anti-NKG2A blocking antibodies could be used 
to inhibit the NKG2A-HLA interaction on these cells, 
and that the blocking antibody treated cells regained 
their cytotoxic ability, thus providing critical evidence 
for the use of anti-NKG2A therapies as a possible tool 
for hyperactivating NK cells in COVID-19 (Demaria 
et al., 2020). While PD-1 was not evaluated in these 
studies with NKG2A, it would be very interesting to 
see if PD-1 likewise decreased in the recovered patients 
in these groups, and if anti-PD-1 blocking monoclonal 
antibody treatment could rescue cytotoxic activity in 
patient NK and T cells.  

In line with the above, IL-6, IL-8 and IL-10, re-
ported in various studies to have been significantly 
augmented in patients with COVID-19, have also been 
reported to inhibit NK cells and to increase NKG2A 
expression in NK and naive CD8+ T cells (Wu et al., 
2019; Wu et al., 2017). Moreover, IL-6, which inhibits 
NK cells in a STAT3 dependent mechanism (Wu et al., 
2019), may further impair NK activity by reducing the 
expression of NKG2D, an activating receptor for NK 
cells (Osman et al., 2020). NKG2D expression may 
also be inhibited by soluble stress-induced molecules 
MICA/B (Arreygue-Garcia et al., 2008), these NKG2D 
ligands are liberated in some tumors and some viral 
infections, though they have yet to be described in the 
context of COVID-19. Other groups have found a de-
crease in NKp30, NKp46, and NKG2D in deceased 
versus surviving patients (Varchetta et al., 2020).

In contrast to the above studies, one report has 
observed the hyperactivation of relatively rare CD56bri-

ght cells to be correlated with the severest disease. Here, 
increased perforin and granzyme in these cells corre-
lated negatively with the checkpoint molecule TIGIT, 
suggesting that using checkpoint agonists might be a 
possible therapy to inhibit overactive subsets of NK 
cells in advanced disease (Maucourant et al., 2020). 

ADCC is theorized to be a potential role of these cells 
(traditionally CD56dim NK cells are considered media-
tors of ADCC); however, it remains to be seen how re-
levant ADCC is in severe illness, or if it is even protect- 
ive or pathogenic. An anti-SARS-CoV-2 neutralizing 
antibody, s309, has been shown to induce ADCC, but 
it is not clear if this would occur with the same kinetics 
in severe illness (Pinto et al., 2020). 

The role of age in the current pandemic has re-
ceived great attention. The elderly (generally speaking 
people aged 60 and above), even when mostly healthy, 
exhibit greater numbers of exhausted T and NK cells, 
and chronic low-grade sterile inflammation, character- 
ized by high serum concentrations of C reactive protein, 
IL-6 and IL-8 (Akbar & Gilroy, 2020). Additionally, 
senescent cells, which potentiate the pro-inflammatory 
milieu, increase in the elderly, and are associated with 
impaired lung function (Campisi, 2016). Similarly, it 
has been shown that perforin expression  by NK cells 
declines significantly after the age of 70 years and that 
children have higher levels than adults (Cunningham 
et al., 2020). 

This leads to an interesting proposal by Cun-
ningham et al. (2020), that the pathology of severe 
COVID-19 cases might be similar to other diseases 
where deficiencies in perforin and cytotoxic cells exist. 
Examples of these diseases are macrophage activation 
syndrome and hemophagocytic lymphohistiocytosis. 
The above authors make the case that an overactive 
inflammatory state and cytokine storm are hallmarks 
of such syndromes. Sex differences are also reported, 
with adult women having consistently higher levels of 
perforin than do men of equivalent age, a clue, perhaps, 
that might help explain the greater susceptibility in 
males to severe forms of the disease. As of yet, de-
ficiencies in perforin pathways have not been found 
in the rare SARS-CoV-2 related disease, Multisystem 
Inflammatory Syndrome in Children, however this 
Kawasaki disease related syndrome has been shown 
to be characterized by lymphopenia and overproduc-
tion of inflammatory cytokines, albeit with a slightly 
different (Th17) profile than seen in COVID-19 (Con-
siglio et al., 2020). 

NK cells in the lungs and airways

The loss of NK cells associated with the observed 
lymphopenia may be due to apoptosis of these cells, 
or in part, to trafficking of these cells to the lungs. An 
analysis of transcripts from cells from bronchoalveo-
lar lavage fluid of COVID-19 patients suggests that 
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peripheral blood cells (both NK cells and other cell 
populations) migrate to the lungs. Before discussing the 
implications of these results, it is important to examine 
the role of NK cells in the lungs. 

In healthy humans, the NK cell population of the 
lungs is predominantly CD56dimCD16+, and the ma-
jority of these cells are circulating or derived from 
recently circulated NK cells. Irrespective of this, the 
NK cells of the lungs can be differentiated from pe- 
ripheral blood NK cells. The NK cells in the lungs are 
more mature, and are characterized by the presence of 
a terminally differentiated, poorly responsive to cyto-
kines, CD57+NKG2A- subpopulation of CD56dim NK 
cells that is rarely found in peripheral blood. Despite 
their CD56dim phenotype, which is normally associated 
with cytotoxicity, the NK cells found in the lungs (both 

circulating and a small population of tissue resident 
cells) are reported to be relatively hyporesponsive (in 
terms of interferon production and cytotoxicity) com-
pared to other tissue resident and peripheral blood NK 
cells. However, such as they are, these pulmonary NK 
cells remain important cytotoxic actors against in- 
fected cells and sources of anti-viral IFN-γ in the lung 
(Cong & Wei, 2019; Robinson et al., 1984). During 
some acute pulmonary viral infections, the lungs be-
come relatively hypoxic, which may lead to a further 
inactivation of NK cytolytic activity (Balsamo et al., 
2013). However, some infections can modify this bal- 
ance. In the case of influenza A, for example, a cytotoxic 
IFN-γ producing CD56brightCD49a+CD103+CD69+ NK 
cell population was found in the lung, with the ability 
to eliminate virally infected cells (Cooper et al., 2018). 

Table 1 
NK roles in COVID-19

Potential disease controlling NK effects Potential disease exacerbating NK effects

Killing of virus infected cells via degranulation  
(liberation of perforin/granulysin/granzyme B) Fas 
ligand or TRAIL

Exhausted NK cells do not kill, can be  
pro-inflammatory

Rapid production of anti-viral interferons and cytokines 
such as IFN-γ and TNF-ɑ

Late production of pro-inflammatory cytokines IFN-γ, 
TNF-ɑ, GM-CSF, induction of cytokine storm

Elimination of infected cells that have bound antibody 
on their surface via ADCC

Killing of bystander lung cells that may have anti- 
corona virus antibody bound to cell surfaces

Early production of growth factors and chemokines to 
attract monocytes, neutrophils, T, B, cells e.g. CCL3 
(MIP-1ɑ), CCL4 (MIP-1β), CCL5 (RANTES), CXCL1 
(lymphotoxin), and CXCL8 (IL-8)

Late production of growth factors and chemokines to 
attract an over active immune response composed of 
monoctyes, monocyte-derived macrophages,  
neutrophils, e.g. CCL2, CCL3 (MIP-1ɑ), CCL4  
(MIP-1β), CCL5 (RANTES), and CXCL8 (IL-8)

Elimination of inflammatory cytokine producing  
dendritic cells, monocytes and T cells

Exhausted NK cells can not perform this role.  
Systemic IL-6 blunts NK activity

Late production of anti-inflammatory IL-10 or IL-22 
assists with regeneration in the lung

Production of IL-10 acts with regulatory T cells to 
dampen immune response in lungs

Production of IFN-γ to induce death receptor expression 
on virus infected targets

Production of IFN-γ to activate inflammatory mono-
cytes/macrophages and antigen presenting cells lead-
ing to lung inflammation

Distinct NK subsets in blood and tissue resident NKs 
control local infections

Respond to infected airway cells or activated  
neutrophils and traffic to lungs at late stage of disease

Mature activated NK cells are cytotoxic and kill infected 
targets. Usually CD56dim CD16bright NK cells.

Immature NK cells less cytotoxic and produce more 
proinflammatory cytokines. Often CD56bright NK cells. 
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This viral clearance, however, may have second- 
ary effects, such as resulting lung pathology. In a  
mouse model of high dose influenza infection, it was 
the depletion of NK cells that ameliorated the virus- 
induced pathology in the lungs (Abdul-Careem et al., 
2012). In contrast, other reports show that NK cells, 
perhaps via IL-22 production (Kumar et al., 2013), are 
essential for down-regulating pathogenic inflammatory 
responses and maintaining equilibrium after influenza 
vaccination (Mooney et al., 2020) and also in diabetes 
and coronary arterial disease (Gong et al., 2016). 

Given these conflicting reports on the roles of 
NK cells in lung pathologies, the question becomes 
one of dissecting the roles of timing, trafficking, and 
different NK subsets. A group working with cell lines, 
an animal model (ferret) and sub-acute patient samples, 

found SARS-CoV-2 infection to be characterized by a 
distinct immune response compared to common res-
piratory viruses (Blanco-Melo et al., 2020). In patient 
serum, and similarly in upper respiratory lavages from 
infected ferrets, this group found a lack of type I and 
II interferons, and an over-abundance of transcripts for 
cytokines and chemokines; significant increases were 
found with respect to IL-6, CCL2 (MCP-1), CCL8, 
CXCL2, CXCL8 (IL-8), CXCL9, and CXCL16 levels. 
Notably, CXCL16 and CXCL19 (chemoattractants for 
NK or T cells, respectively) were significantly upregu-
lated. CCL8 and CCL2 (which recruit monocytes and/
or macrophages), and CXCL8 (to recruit neutrophils) 
were also upregulated, suggesting that the chemotaxis 
of these cells may be crucial for the pathology observed 
in the lungs of COVID-19 patients. 

Figure 1. Overview of NK cells in COVID-19. Functional antiviral NK cells that exist prior to viral infection are 
transformed into dysfunctional cells over the course and severity of the disease. Infection in the airways leads to 
systemic inflammation that may potentiate the change in NK cell activity. Chemotaxis of circulating NK cells to the 
lungs may further increase dysfunction of NK cells and/or pathologic NK responses in the lungs. Changes in cell 
populations and inflammatory molecules are some potential targets for therapeutic intervention
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Another study investigating severe versus mild 
COVID-19 cases found that infiltrating monocyte-de-
rived FCN1+ inflammatory macrophages dominated 
the bronchoalveolar lavage fluid of patients with severe 
COVID-19 disease. These inflammatory macrophages 
upregulated interferon-signaling genes and monocyte 
recruiting chemokines including CCL2, CCL3 (MIP-
1ɑ), CCL4 (MIP-1β) as well as the cytokines IL-6, IL-
8, TNF-ɑ and TGF-β, (Liao et al., 2020). Somewhat 
contradictorily, in another study, the interferon re- 
sponse was less notable in NK cells found in the bron-
choalveolar lavage fluid from severe versus moderate 
COVID-19 patients, however this group did note in-
creased perforin and granzyme, and noted increased 
adaptive NK cells and CD56bright NK cells with a more 
activated and cytotoxic profile in severe versus moder- 
ate cases (Maucourant et al., 2020). It is worth noting 
that the relative increase in the interferon response in 
moderate patients in the above study may be related 
to earlier, protective, interferon responses, versus later 
pathogenic interferon responses seen in other studies 
with severe patients. In children with severe disease (a 
relatively rare cohort), the interferon pathway,  pro-in-
flammatory cytokines and activated NK and CD8 T 
cells were found to be increased in airway cells (Sajuthi 
et al., 2020). 

In contrast to the reports finding migration of NK 
cells from the blood to the lungs, a study using sequenc- 
ing from bronchoalveolar lavage found a decrease in 
resting NK cells, but no changes in activated NK cells 
in the airways of COVID patients (Z. Zhou et al., 2020). 
This may be explained by the fact that this group was 
working with samples taken close to the onset of symp-
toms, and thus this reinforces the idea that the changes 
in the NK compartment are time dependent. 

In another similar report, single-cell transcrip-
tomes of nasopharyngeal and bronchial samples sim-
ilarly found that in critical patients, CCL2, CCL3, 
CCL5 (RANTES), CXCL9, CXCL10, IL-6, IL-1β, IL-8 
and TNF-ɑ transcripts were increased in macrophages. 
Inflammatory macrophages and T cells that were pre-
sumed to have trafficked to the lungs were hyperac-
tivated and strongly interacted with epithelial cells 
(Chua et al., 2020). These inflammatory macrophages 
are suggested as major sources of IL-6 (Antonioli et 
al., 2020) and it is notable that increased pulmonary 
IL-6 has been shown to lead to airway neutrophilia 
in asthma and colitis (Fu et al., 2013; (Mateer et al., 
2018). TNF-ɑ produced by activated macrophages might 
contribute to differentiation of NK cells and induce 
IFN production (Almishri et al., 2016). A similar cy-

tokine storm of hyperactive inflammatory responses 
was observed in SARS-CoV and MERS-CoV with 
consequential severe lung fibrosis (Azhar et al., 2019; 
Tseng et al., 2005). 

The evidence discussed above raises the ques-
tion: what is the difference between individuals who 
are able to rapidly clear SARS-Cov-2 infections, and 
those who develop the clinical manifestations of se-
vere COVID-19? One possible clue would be the local 
and systemic cytokine milieus pre-infection. These 
might very obviously change with age, chronic heart 
or kidney disease, obesity, diabetes, and other risk 
factors associated with severe COVID-19 responses. 
One interesting observation is that, while originally 
assumed to be a risk factor, allergic asthma, charac-
terized by a Th17 profile, is not currently considered 
a risk factor, even though this is a disease with a very 
strong pulmonary component (Chhiba et al., 2020). It 
is possible that IL-22 produced by Th17 cells is protect- 
ive in COVID-19, as was seen in influenza infections 
(Ivanov et al., 2013). Another interesting hypothesis is 
that a subset of patients may be predisposed to severe 
COVID-19 due to preexisting high ACE2 expression 
and low baseline cytotoxic NK and T cell populations 
in the lung (Duijf, 2020). 

Potential therapeutic applications

Much as the immune response of NK cells in 
COVID-19 depends on timing and location, so too do 
the potential therapies that might leverage NK cell bio-
logy in the fight against the disease. Currently, this is a 
topic of great interest which has been amply reviewed 
by Market et al. (2020). Therapies that are not related 
or possibly related to NK responses and signaling are 
not discussed. The potential therapies can be divided 
into those with potential efficacy in patients in late 
stage/severe COVID-19, in patients that range from 
paucisymptomatic to mildly symptomatic, and thera-
pies that might be considered as a general prophylactic 
in the absence of a vaccine.

For the most severely ill patients, those with res-
piratory distress and high systemic levels of pro-in-
flammatory cytokines, the following treatments are 
considered most promising: (1) Anti-cytokine thera- 
pies, such as anti-IL-6R (tocilizumab, sarilumab)  
(Benucci et al., 2020), anti-RANTES (CCL5) receptor 
leronlimab (Patterson et al., 2020), anti-IL-8 (clinical 
trial NCT04347226), anti-GM-CSF (De Luca et al., 
2020), Anakinra, the recombinant IL-1-receptor anta-
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gonist (IL-1RA) (Huet et al., 2020); or tyrosine kinase 
inhibitors which would inhibit the downstream effects 
of cytokine binding and have broad immunosuppressive 
effects (NIH, 2020), the most promising are bariciti-
nib, a JAK inhibitor, which inhibits the effects of STAT 
phosphorylation (Cantini et al., 2020) and cytosorb, the 
mechanical adsorption of cytokines from the patient’s 
blood outside of the body; (2) Anti-inflammatory cor-
ticosteroids, such as dexamethasone, hydrocortisone or 
methylprednisolone (The Writing Committee for the 
REMAP-CAP Investigators, 2020; Tomazini et al., 
2020)(Corral et al., 2020); and (3) Controversially, some 
would also advocate the use of immune checkpoint in-
hibitors, such as anti-PD-1 (Di Cosimo et al., 2020) and 
anti-NKG2A (Yaqinuddin & Kashir, 2020), to reactivate 
NK and T cells; however, this may be risky in the face 
of severe inflammation and a cytokine storm.  

In the second group, those patients beginning 
their defense against SARS-CoV2, the use of conva-
lescent serum, or intravenous immunoglobulin, thera-
pies have been widely discussed as a means of rapidly 
delivering preformed neutralizing antibodies to high 
risk patients (Casadevall & Pirofski, 2020; Duan et al., 
2020). Such therapies may also have a salutary effect 
on NK cell function and reduce the release of IL-6 by 
activated inflammatory cells by promoting NK-cell 
mediated ADCC of activated dendritic cells (Prete et 
al., 2020). Osman et al. (2020) point out the similarities 
between the cytokine storm seen in COVID-19 and 
hemophagocytic lymphohistiocytosis syndrome, where 
patients are also characterized by the loss of NK effec-
tor activity. A similar cytokine storm is also seen in 
the related Kawasaki disease; and in this disease IVIG 
therapy was found to augment NKG2D expression, 
possibly enhancing the perforin pathway and NK cell 
cytolytic activity (Ge et al., 2013). Similarly, recent pre-
liminary results from a clinical trial with a monoclonal 
anti-spike protein IgG cloned from patient serum (LY-
CoV555, BLAZE-1 Trial) found early administration of 
this monoclonal antibody to significantly reduce risk of 
hospitalization when given to mild or moderate patients 
(ClinicalTrials.gov, 2020).  

Additionally, clinical trials have begun with 
CYNK-001, an NK cell therapy that is developed from 
placental hematopoietic stem cells (NCT04365101), 
and with NKG2D-ACE2 Chimeric Antigen Receptor 
-NK cells (NCT04324996); no results from either of 
these trials have been reported as of yet. Likewise, 
exogenous administration of IL-15 has been propo-
sed as a mechanism to hyperactivate the NK response 
(Kandikattu et al., 2020). 

Others have proposed treatments with TGF-β 
blockers (George et al., 2020). However the results 
of such a therapy might depend greatly upon time of 
administration, as early application might assist in ac-
tivating NK and T cells (via inhibition of Tregs and 
inhibitory NK cells) but later application may have 
unforeseen secondary effects on NK cells (Wu et al., 
2017). Treg percentages in COVID-19 patients have 
been shown to correlate inversely with disease severity 
(Qin et al., 2020). TGF-β has been implicated in lung 
fibrosis and a significant increase in TGF-β at the later 
stages of the disease has been reported, raising hopes 
for therapeutic applications (George et al., 2020). In 
SARS-CoV-1, lung fibrosis was mediated by the epi-
dermal growth factor receptor, and TGF-β induction 
drove expression of EGFR ligands (Venkataraman & 
Frieman, 2017). 

In the third group, where therapies would po-
tentially be administered prophylactically, the admin- 
istration of interferon ɑ, β and λ has been proposed 
(Acharya et al., 2020; Market et al., 2020). Here, the 
goal would be to counteract the dysregulated interferon 
responses that arise as a result of the immunomodula-
tory strategies used by beta coronaviruses. During the 
incubation phase, SARS-CoV-2 replicates in host cells 
and viral products inhibit the interferon response, thus 
leading to high viral loads; administration of interferon 
might inhibit subsequent encounters with the virus by 
priming the innate immune system. Again, timing will 
be important. Of note is the fact that, in mice, early 
IFN-β application prior to peak viral replication was 
protective against MERS-CoV infection, while late 
IFN administration impeded viral clearance and result- 
ed in increased immunopathology (Channappanavar et 
al., 2019). Currently clinical trials are underway with 
several interferon based therapies; while safety and 
efficacy have not been proven, IFN alfa-2b may be 
promising (Q. Zhou et al., 2020). 

Another prophylactic proposal involves the use 
of the common diabetes medicine metformin, which 
has an effect on increasing perforin (controversially, 
this may increase ACE2 stability), and has been shown 
to decrease mortality in diabetic COVID 19 patients 
(Luo et al., 2020). 

Strategies to prophylactically activate toll-like 
receptors (TLRs) or pattern recognition (PRRs) include 
the administration of heterologous vaccines, such as 
BCG or similar. The theory behind these treatments is 
that they would provide early activation to monocyte/ 
macrophages, which would then secrete IL-1β, feeding 
back to further stimulate the innate response. BCG 
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has been found to increase perforin production in NK 
cells (Semple et al., 2011) and re-vaccination in adults 
boosted NK responses (Suliman et al., 2016).

Conclusions

While the search for therapies to activate the 
adaptive immune system (increase the production of 
neutralizing antibodies), mitigate the cytokine storm 
and resolve disease in the lungs remain paramount, the 
role of the innate immune system in the fight against 
COVID-19 should not be forgotten. 

In summary, early in the infection, increased 
populations of aberrantly activated macrophages may 
lead to an increased pro-inflammatory environment 
in the lungs of some patients, which might inhibit the 
NK response. This could be advantageous, in terms 
of the pathogenic NK response, but negative in terms 
of antiviral response and long-term survivability. The 
ability of different populations of NK cells in the lung 
to participate in ADCC against virally infected cells is 
not clear, nor is it certain if such a response would be 
protective or pathogenic when NK cells migrate to the 
lung, relatively late in the course of the disease. The 
roles of unique subsets such as CD56bright or adaptive 
NK cells have yet to be fully described. 

The available evidence leads to the suspicion 
that the innate immune system might be primed or 
pre-oriented towards a weaker response in a certain 
subset of patients. This response may be characterized 
by the transit of poorly cytotoxic NK cells to the lungs. 
An alternative explanation is this response may be cha-
racterized by the exacerbated levels of IL-6, such that 
when NK cells arrive and encounter virus infected 
airway epithelial cells, these NK cells lose cytotoxicity 
and switch to a more inflammatory profile. The still re-
levant and not yet completely answered question is the 
point might this switch occur, and how is it controlled. 

In light of the above, when considering new 
therapies aimed at activating NK cells to fight against 
COVID-19, care must be taken to evaluate these thera-
pies at different time points in the disease, considering 
the possibility that re- or hyper- activation of NK cells 
might have deleterious consequences.
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