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Abstract
The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is responsible for the pandemic of
coronavirus disease (COVID-19). Whereas in most cases COVID-19 is asymptomatic or pauci
symptomatic, extremely severe clinical forms are observed. In this case complex immune dysregulations
and an excessive inflammatory response are observed and are the main cause of morbidity and mortality.
Natural Killer cells are key players in the control of viral infection and their activity is regulated by a tight
balance between activating and inhibitory receptors; an alteration of NK activity was suggested to be
associated with the development of severe forms of COVID-19. In this study we analyzed peripheral NK
cell subpopulations and the expression of activating and inhibitory receptors in 30 in-patients suffering
from chronic neurological conditions who recovered from mild, moderate or severe SARS-CoV-2 infection
comparing the results to those of 10 SARS-CoV-2-uninfected patients. Results showed that an expansion
of NK subset with lower cytolytic activity and an augmented expression of the 2DL1 inhibitory receptor,
particularly when in association with the C2 ligand (KIR2DL1-C2), characterized the immunological
scenario of severe COVID-19 infection; an increase of NK expressing the ILT2 inhibitory receptor was
instead seen in patients recovering from mild or moderate infection compared to controls. Results herein
suggest that the KIR2DL1-C2 NK inhibitory complex is a risk factor toward the development of severe
form of COVID-19. Our results confirm that a complex alteration of NK activity is present in COVID-19
infection and offer a molecular explanation for this observation.

Introduction
The COVID-19 is provoked by the coronaviridae SARS-CoV-2, a single strain RNA virus characterized by an
extremely high infectivity but a relatively low pathogenicity. Thus, while the majority of patients
experience mild symptoms, around 20% develop a multi organ condition that, in the worst cases, results
in a severe and potentially lethal acute respiratory distress syndrome (ARDS)[1]. The pathogenesis of
COVID-19 is still unclear but a growing number of evidences indicate that an excessive and dysregulated
immune response is the main cause of morbidity and mortality [2]. Such immune response is associated
with massive inflammation and increased production of inflammatory cytokines, as well as with
quantitative and qualitative alterations that affect the immune cells involved both in innate and acquired
immune responses [3].

As is the case with all pathogens, and in particular with human respiratory RNA viruses, the establishment
of a successful infection by SARS-CoV-2 is contingent upon the activation of mechanisms that bypass or
suppress innate immune responses [4, 5]. Innate immunity, indeed, is the first line of defense against
infections and acts prior to the protective responses mediated by the adaptive immune system. Amongst
the actors of innate immunity, a pivotal role is played by Natural Killer (NK) cells, an immune cell
population that is also extremely important in integrating innate and adaptive immune responses [6, 7].
NK cells include a number of different sub-populations that are associated with diverse cytotoxic abilities
[8–10]. NK cell activation, and the triggering of their cytotoxic abilities is an active process that depends
on the interaction between receptor molecules on the surface of NK cells and ligands on target cells. The
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killer cell immunoglobulin (Ig)-like receptors (KIRs) and the inhibitory receptors immunoglobulin-like
transcript ILT-2 are the best described receptors, and ligate shared allelic determinants of HLA class I
molecules, as well as HLA-G on target cells [11]. These interactions regulate NK activity, as NK cell
activation or lack thereof is the consequence of a delicate balance between signals that are generated
from activating and inhibitory receptors belonging to many families.

Analyses focusing on NK cells in SARS-CoV-2 infection showed that reduced NK-cell counts and impaired
cytolytic activity associate with the development of a severe COVID-19–related inflammation [12]. Other
results indicated that an upregulation of NK-inhibitory receptors can be observed as well in SARS-CoV-2-
infected individuals. Thus, in patients with severe COVID-19 infection, a reduction of NK antiviral activity,
characterized by an increase of the NKG2A and KIR2DL1/S1 inhibitory receptor and a reduced ability to
express CD107 and to produce IFN-γ, IL-2, granzyme B, and TNF-α was shown [13, 14]. Taken together
these results strongly suggest that NK cells might be exhausted in severe COVID-19.

In this study we analyzed peripheral NK subpopulation and the expression of activating and inhibitory
receptors in patients affected by chronic neurological conditions who recovered from mild, moderate or
severe SARS-CoV-2 infection. Analyses were performed on samples obtained 45-to-60 days after SARS-
CoV-2 infection onset and results were compared to those of patients with similar chronic neurological
conditions that were never SARS-CoV-2-infected. Data herein confirm that COVID-19 results in an
extremely complex alteration of NK cell subsets and functions that is more marked in those individuals
who underwent severe disease.

Materials And Methods

Patients and Controls
Forty patients admitted from March 2020 to June 2020 to the Fondazione Don Carlo Gnocchi Onlus
inpatient rehabilitation program (Milan – IRCCS Santa Maria Nascente and Rovato – Centro Spalenza)
were enrolled in the study. All patients were undergoing acute rehabilitation due to the disability caused
by a neurological disease, and all of them received at least one SARS-CoV-2 RNA test on their
nasopharyngeal swab (NPS) or bronchial aspirate. Thirty patients contracted SARS-CoV-2 infection, while
ten other patients were repeatedly negative on their NPSs (control group).

Patients were divided into three diagnostic groups: brain injury causing a disorder of consciousness
(DOC), injury of the central nervous system (CNS) without DOC history and disease of the peripheral
nervous system (PNS).

It is well known that COVID severity can be highly variable, with the disease ranging from mild flu-like
symptoms to severe interstitial pneumonia. In line with Chen and colleagues [15], COVID severity was
graded on three levels:

mild: asymptomatic or flu-like symptoms without pneumonia manifestation;
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moderate: pneumonia manifestation in imaging without respiratory distress;

severe: pneumonia with respiratory distress treated with respiratory support (from continuous
positive airway pressure up to oro-tracheal intubation or tracheostomy).

The study was approved by the local ethics committee (Comitato Etico – IRCCS Fondazione Don

Gnocchi, Milano) and patients or guardians provided written informed consent.

Blood sample collection
Whole blood was collected in vacutainer tubes containing ethylenediamine tetra-acetic acid (EDTA)
(Becton Dickinson & Co., Rutherford, NJ). PBMCs were isolated by density gradient centrifugation on
Ficoll (Cedarlane Laboratories Limited, Hornby, Ontario, Canada) and counted with the automated cell
counter ADAM-MC (Digital Bio, NanoEnTek Inc., Korea), which allows for discrimination of viable from
non-viable cells.

Immunofluorescent staining and analysis by flow-cytometry
Immunophenotypic analysis of NK subsets and KIR expression were performed on 100µl of EDTA
peripheral blood incubated for 30 minutes at 4° C with the fluorochrome-labeled monoclonal antibodies.
Erythrocyte lysis was obtained with the Immuno-Prep Epics Kit and Q-Prep Work Station (Beckman-
Coulter Brea, CA, USA). The analyses were performed using a Beckman-Coulter GALLIOS flow cytometer
equipped with a 22 mW Blue Solid State Diode laser operating at 488 nm and with a 25 mW Red Solid
State Diode laser operating at 638 nm, and interfaced with Kaluza analysis software. For each analysis,
20.000 events were acquired and gated on Forward and Side scatter properties for lymphocyte and on the
CD3-CD19-CD14- and Side scatter properties to exclude T, B and monocyte cells; the remaining triple-
negative cells were analyzed in a CD56 versus CD16 dot plot to identify the natural killer (NK) cell
subsets, CD56brightCD16−, CD56brightCD16dim, CD56dimCD16bright, CD56dimCD16dim, CD56dimCD16 − and
CD56 − CD16bright, considering isotype background (Fig. 1). The expression of KIR receptors was
performed on NK subsets. The flow cytometry compensation was performed, using the fluorescence
minus one (FMO) control approach. Briefly all antibody conjugates in the experiment are included except
the one that is controlled for. The FMO measures the spread of fluorescence from the other staining
parameters into the channel of interest, determining the threshold for positive staining .

 

Monoclonal antibodies (mAbs)
The following mAbs were used: anti- CD3 phycoerythrin-cyanine 7 (PE -Cy7) (Mouse IgG1, Clone: UCHT1)
(Beckman-Coulter); anti- CD19 PC-7(Mouse IgG1, Clone: J3-119) (Beckman-Coulter); anti- CD14 PC- 7
(IgG2a Mouse, clone: RMO52)( Beckman-Coulter); anti-CD16 Fluorescein (FITC) or phycoerythrin-cyanine
5 (PE-Cy5) (Mouse IgG1, Clone: 3G8) (Beckman Coulter); anti-CD56 phycoerythrin (PE) (Mouse IgG1,
Clone: N901 (NKH-1) (Beckman Coulter);anti-Human KIR2DL1/CD158a FITC (Mouse IgG1, Clone:
143211), (R&D Systems, Minneapolis, MN, USA), anti-Human KIR2DS4/CD158i Allophycocyanin (APC)
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(Mouse IgG2a, Clone: 179315) (R&D Systems); anti-Human ILT2/CD85j APC (Mouse IgG1, Clone: 292305)
(R&D Systems); anti-Human KIR2DS1/CD158h Alexa Fluor 700 (Rabbit IgG, Clone: 1127B) (R&D
Systems); anti-Anti-KIR2DS2 / CD158b Polyclonal Antibody FITC (Rabbit IgG aa39-65) (LSBio,Seattle WA
USA).

KIR and HLA ligand genotyping
Genomic DNA was isolated from peripheral blood by phenol-chloroform extraction using standard
procedures. Molecular genotyping of KIRs and HLA-Bw4+/Bw4- C1/C2 Kir ligands was performed by PCR
on genomic DNA using sequence specific primers (SSP) according to the manufacturer’s instructions
(BAG- Lich, Germany, Astra Formedic, Milan Italy). Allele detection was done after amplification in a
GeneAmp PCR 9700 thermocycler (Applied Biosystem, Foster City, CA, USA) by gel electrophoresis on 2%
agarose gel.

i. KIR-HLA complexes were defined as follows:KIRs 2DL1 and 2DS1 ligate the C2 epitope (Asp at
position 77, Lys at position 80).

ii. KIRs 2DL2, 2DL3 and 2DS2 ligate the C1 epitope (Ser at position 77, Asp at position 80).

iii. HLA-Bw4*80I was considered the ligand for 3DL1 and 3DS1 [16, 17].

Statistical analyses
The normality of distribution of continuous variables was evaluated using the Kolmogorov–Smirnov test.
Quantitative data were defined normally or not normally distributed (Shapiro-Wilk test) and are therefore
summarized as mean and standard deviation or median and interquartile range (IQR; 25th and 75th
percentiles) respectively. Comparisons between groups were performed using a T-Test or two-tailed Mann-
Whitney test for independent samples. Kruskal-Wallis analysis of variance was utilized for each variable.
Chi-square analysis was used to evaluate KIR and HLA genetic distribution between groups. Data
analysis was performed using the MEDCALC statistical package (MedCalc Software bvba, Mariakerke
Belgium).

Results

Analysis of peripheral NK subsets
Thirty COVID-19 convalescent patients who had been diagnosed as being affected by either mild,
moderate, or severe COVID-19 disease (10/group) as well as 10 SARS-CoV-2-uninfected controls were
analyzed. The following NK cell subsets were analyzed in peripheral blood of all the individuals enrolled
in the study: 1) CD56brightCD16−; 2) CD56brightCD16dim; 3) CD56dimCD16−; 4) CD56dimCD16dim; 5)
CD56dimCD16bright; 6) CD56 − CD16brigh

t The expression of the activating receptors KIR2DS1, KIR2DS2,
KIR2DS4 as well as that of the inhibitory receptors KIR2DL1 and KIRILT-2 was analyzed as well in all
patients and controls.
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Results showed that the percentage of: 1) CD56dimCD16bright and CD56dimCD16- cells was reduced in
severe (mean = 60% and 3% respectively) compared to mild (CD56dimCD16brigh mean = 76%, p = 0.03) and
moderate (CD56dimCD16-= 6%, p = 0.01) COVID-19 patients; 2) CD56 − CD16bright cells was increased in
severe (mean = 7,4%) compared to mild (mean = 5%) and moderate (mean = 3%, p = 0.04) COVID-19
patients and controls (mean = 4%); and 3) CD56dimCD16dim cells was reduced in mild (mean = 8%)
COVID-19 patients compared to SARS-CoV-2-uninfected controls (mean = 16%, p = 0.04) (Fig. 2). Notably,
no differences were observed between the analyzed groups when the NK subset absolute numbers were
analyzed.

Analysis of KIR receptor expression
The expression of KIR activating and inhibitory receptors was analyzed next on NK CD56dimCD16bright

cells, the major representative subset in peripheral blood. Results showed that the percentage and
absolute number of NK expressing the activating 2DS1, 2DS2 and 2DS4 receptors were similar in all
groups analyzed (Fig. 3). In contrast with these data, the percentage of NK cells expressing the inhibitory
receptor 2DL1 was significantly increased in severe (mean = 30%) compared to mild (mean = 15%) (p = 
0.03) or moderate (mean = 14%) (p = 0.02) COVID-19 patients and SARS-CoV-2-uninfected controls (mean 
= 14%) (p = 0.02). No differences were observed upon analyses of MFI of these receptors.

The expression and MFI of ILT-2, another inhibitory receptor, was analyzed next on in all patients and
controls. Results showed that ILT-2 expression was increased in all groups of COVID-19 patients
compared to SARS-CoV-2-uninfected controls. These differences reached statistical significance in mild
(mean = 4.3 %) and moderate (mean = 3.2%) COVID-19 patients compared to SARS-CoV-2-uninfected
controls (mean = 0.2%) (p = 0.04 and p = 0.03 respectively vs controls). ILT-2 MFI was similarly increased
in all groups of COVID-19 patients compared to SARS-CoV-2-uninfected controls, but these differences
were not statistically significant. These data are shown in Fig. 4.

KIR and HLA ligand distributions
The presence of inhibitory or activating KIR-HLA complexes was subsequently analyzed in all patients
and controls. Results showed that KIR-HLA inhibitory complexes were more frequently present in cells of
patients who developed either a moderate (absolute number of KIR-HLA inhibitory complex: N = 20) or a
severe (N = 25) form of COVID-19 compared to the situation observed in individuals with mild disease (N 
= 12) or SARS-CoV-2-uninfected controls (N = 13) (Fig. 5a). These differences approached but did not
reach statistical significance, possibly because of the limited number of analyzed individuals.

The presence/absence of activating and inhibitory KIR-HLA complexes was finally evaluated. The
phenotype characterized by the simultaneous absence of activating and the presence of inhibitory KIR-
HLA complexes was once again more frequently detected in patients who developed moderate (60%) and
severe (52%) forms of COVID-19 compared to the situation seen in individuals with mild disease (25%) or
SARS-CoV-2-uninfected controls (14%) (Fig. 5b). In particular, the genetic KIR2DS1-C2 (activating)-
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negative/KIR2DL1-C2 (inhibitory)-positive pattern was more frequently observed in patients with
moderate (50%) and severe (50%) COVID-19 than in those with mild (38%) disease or controls (14%)
(Fig. 5c). These results were confirmed by the observation that cells of individuals with mild COVID-19
and SARS-CoV-2-uninfected more frequently carried both activating and inhibitory KIRs (75% and 86%
respectively) (Fig. 5b).

Discussion
We performed an analysis of innate immune responses in a group of in-patients affected by chronic
neurological conditions who either were recovering from SARS-CoV-2 infection or were never infected by
the virus, with a focus on NK cells. Results of phenotypic analyses showed that patients who were
recovering from severe COVID-19 are characterized by a peculiar skewing in NK cell subpopulations.
Thus, in these patients, CD56-CD16bright were increased whereas CD56dimCD16- and CD56dimCD16bright

NK cells were reduced in comparison to patients who suffered from either mild or moderate COVID-19.

An expansion of CD56-CD16 bright NK cells was previously described only once as it was show to be
present in viremic HIV-infected patients, but not in those individuals in whom antiretroviral therapy
resulted in viremia suppression [18]. This NK cell subpopulation is characterized by a significantly lower
cytolytic activity and a scarce ability to secrete cytokines [19]. The parallel observation that the
CD56dimCD16 − and the CD56dimCD16bright NK cell subsets were reduced in patients who were recovering
from severe COVID-19 corroborates the idea that NK cell-mediated immune responses are impaired in
severe SARS-CoV-2 infection. Thus, CD56dimCD16 − cells are a population with a potent antiviral activity
which is mediated both by a potent cytolytic activity and the production of high amounts of IFNγ [20, 21].
These cells were recently shown to be decreased in COVID-19 patients with a diagnosis of ARDS and who
required mechanical ventilation [22].

CD56dimCD16bright NK cells, on the other hand, besides being characterized as well by a potent cytolytic
activity, were also shown to be particularly apt at activating antibody- dependent cellular cytotoxicity
(ADCC) in response to viruses, including influenza virus, herpes simplex virus type 1 and HCMV [23–25].
NK-mediated ADCC was recently suggested to contribute to viral control in COVID-19 patients, as
antibodies elicited toward the SARS-CoV-2 S glycoprotein (S309- and S306) -transfected cells could
efficiently trigger ADCC [26]. To summarize these results, thus, we observed that severe COVID-19
infection is associated with a peculiar NK subset profile characterized by the expansion of cells with low
cytotoxic abilities and the reduction of those NK cells that mediate efficient antiviral effector
mechanisms.

NK cells are activated following the interaction between HLA molecules and KIR activating and inhibitory
receptors, and the net imbalance between these two families of qualitatively antagonist receptors
dictates whether NK cell will or will not be activated. Analyses of KIR activating and inhibitory receptors
on NK CD56dimCD16bright cells, the major representative subset in peripheral blood, showed that, whereas
no differences could be seen in the expression the activating 2DS1, 2DS2 and 2DS4 receptors the
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percentage of NK cells expressing the inhibitory receptor 2DL1 was significantly increased in severe
COVID-19 patients. The skewing towards a preferential expression of inhibitory NK cell-associated
molecules in COVID-19 patients was further supported by results showing that ILT-2 expression, another
inhibitory receptor, was augmented as well on NK cells of all COVID-19 patients. Our results also suggest
that the presence of the inhibitory 2DL1complex, particularly when in association with the C2 protein
(KIR2DL1-C2) is a risk factor toward more severe form of COVID-19 development.

An imbalance in the ratio of NK inhibitory and activating receptors is present in a number of diseases [27],
and it was clarified that KIR/HLA interactions influences both susceptibility and protection towards
infective diseases [28–32]. Within the scenario of infectious diseases, an increased expression of
inhibitory NK cell receptor on the CD56-CD16 + NK cells was shown to be present in HIV-infected viremic
patients and to result in the inhibition of CD16-induced cytotoxicity [18]. Notably, recent results showed
that the density of 2DL1 is higher on NK cells of COVID-19 patients with a diagnosis of acute respiratory
distress syndrome (ARDS) [14]. This result, thus, further supports the hypothesis that NK function is
defective in patients who suffer from severe forms of SARS-CoV-2 infection within an extremely complex
scenario of immune impairment that involves multiple cell types. In conclusion an altered distribution of
NK subsets and a preferential expression of NK imbalance of inhibitory receptor is observed in
convalescent COVID-19 patients and in particular in those who suffered from a more severe form of
infection.

The limit of the study is the small number of patients. Ampler cohorts of individuals, possibly followed
within a longitudinal study, will be needed to better understand the different mechanisms implemented by
the virus to evade the immune system during infection and the immune defense strategies put into play
to counter and eliminate the virus.
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Figures

Figure 1

Flow cytometry dot plots indicating the Gate strategy used to identify Natural Killer cell subsets. (a)
Lymphocyte selected by forward (FS) and side scatter (SS) properties (Gate A). (b) The
CD3+CD19+CD14+ vs the SS dot plot allows the discrimination of monocytes and T and B lymphocytes
(Gate J); the remaining triple negative cells (Gate B) were analyzed within a CD56 vs CD16 dot plot (c)
leading to the identification of Natural Killer cells (Gate D). (d) Natural Killer subsets were selected in the
CD56 vs CD16 dot plot as: CD56brightCD16− (1), CD56brightCD16dim (2), CD56dimCD16bright (5),
CD56dimCD16dim (4), CD56dimCD16−(3) and CD56−CD16bright(6)
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Figure 2

Covid-19 is associated with dysregulated NK cell subsets. (a) CD56 vs CD16 dot plot identifying Natural
Killer cell subsets. Summary results of median percentage (b) and of absolute numbers (c) of NK subsets
relative to total NK population in SARS-CoV-2-uninfected (white bar) and in convalescent COVID-19
patients who suffered from mild (light grey bar), moderate (grey bar) or severe (black bar) disease are
shown. The boxes stretch from the 25th to the 75th percentile. The lines across the boxes indicate the
median values. The lines stretching from the boxes indicate extreme values. Statistical significance is
shown.
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Figure 3

NK cell expressing activating receptors are similar in all groups analyzed. Summary results of median
percentage (a), absolute numbers (b), and MFI (c) of NK cells expressing the 2DS1, 2DS2 and 2DS4
activating KIR receptor in in SARS-CoV-2-uninfected (white bar) and in convalescent COVID-19 patients
who suffered from mild (light grey bar), moderate (grey bar) or severe (black bar)
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Figure 4

NK cell expressing inhibitory receptors are expanded in COVID-19 patient groups. Summary results of
median percentage (a), absolute numbers (b), and MFI (c) of NK expressing the 2DL1 and ILT2 inhibitory
KIR receptors in SARS-CoV-2-uninfected (white bar) and in convalescent COVID-19 patients who suffered
from mild (light grey bar), moderate (grey bar) or severe (black bar). The percentage of NK cell percentage
expressing the 2DL1 (d) and ILT2 (e) inhibitory KIR receptors are also shown. The boxes stretch from the
25th to the 75th percentile. The lines across the boxes indicate the median values. The lines stretching
from the boxes indicate extreme values. Statistical significance is shown.
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Figure 5

KIR-HLA inhibitory complex is a risk factor toward more severe form of COVID-19 development. (a)
Absolute number of activating and inhibitory KIR receptors in SARS-CoV-2-uninfected subjects (white bar)
and in convalescent COVID-19 patients who suffered from mild (light grey bar), moderate (grey bar) or
severe (black bar); (b) percentage of subjects carrying both inhibitory and activating KIR receptor or
carrying inhibitory but not activating KIRs. (c) Percentage of patients carrying the KIR2DS1-C2/KIR2DL1-
C2 complexes


