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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 reported 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 patients suffering from 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 infec-
tion. 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.
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Introduction

The COVID-19 is provoked by the Coronaviridae SARS-
CoV-2, a single strain RNA virus characterized by an ex-
tremely high infectivity but a relatively low pathogenicity.
Thus, while the majority of patients experience mild
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symptoms, around 20% of them develop a multi organ condi-
tion 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 dysregu-
lated immune response is the main cause of morbidity and
mortality [2]. Such immune response is associated with mas-
sive inflammation and an increased production of inflamma-
tory 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 suc-
cessful infection by SARS-CoV-2 is contingent upon the ac-
tivation 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 re-
sponses mediated by the adaptive immune system. Among the
actors of innate immunity, a pivotal role is played by natural
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killer (NK) cells, a population of immune cells that is also
extremely important in integrating innate and adaptive im-
mune responses [6, 7]. NK cells include a number of different
subpopulations that are associated with diverse cytotoxic abil-
ities [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 killer cell immunoglob-
ulin (Ig)-like receptors (KIRs) and the inhibitory receptors
immunoglobulin-like transcript ILT-2 are the best described
of such 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 acti-
vation or lack thereof is the consequence of a delicate balance
between signals that are generated from activating and inhib-
itory 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 is present as well in
SARS-CoV-2-infection. Thus, in patients with severe
COVID-19 disease, a reduction of NK antiviral activity, char-
acterized by an increase of the NKG2A and KIR2DL1 inhib-
itory receptor, and a reduced ability to express CD107 and to
produce IFN-y, IL-2, granzyme B, and TNF-« were shown
[13, 14]. Taken together, these results indicate 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 neurological conditions who recovered
from mild, moderate, or severe SARS-CoV-2 infection.
Analyses were performed on samples obtained 45-60 days
after SARS-CoV-2 infection onset, and results were compared
to those of patients with similar neurological conditions that
were never SARS-CoV-2-infected. Data herein confirm that
COVID-19 results in a 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 in patient rehabilitation
program (Milan, IRCCS Santa Maria Nascente and Rovato,
Centro Spalenza) were enrolled in the study. All patients were
undergoing intensive 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
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SARS-CoV-2 infection, while ten other patients were repeat-
edly 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-19 severity can be highly
variable, with the disease ranging from mild flu-like symp-
toms 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 pneu-
monia manifestation

—  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.

Of interest for the current study, we recently described the
spread of the SARS-CoV-2 infection and the clinical course of
the COVID-19 in a cohort of DOC patients who have been
exposed to the virus [16]. In that work, we detail in full the
course of several clinical and laboratory abnormalities (e.g. C-
reactive protein, white blood cell) related to the COVID-19
and the management of the infection in this unique patients’
population. To note, some of the DOC patients recruited in our
previous study have been also recruited here. Therefore, by
adding clinical details about the disease in some of the patients
recruited here, our recent work [16] should actually be con-
sidered a companion of the current one.

Blood Sample Collection, Inmunofluorescent
Staining, and Analysis by Flow Cytometry

Whole blood was collected in vacutainer tubes containing
ethylenediamine tetra-acetic acid (EDTA) (Becton
Dickinson & Co., Rutherford, NJ), cell counts were performed
using an XN 1000 Sysmex hematology analyzer (Dasit
Group, Italy), and viability was evaluated by the automated
cell counter ADAM-MC (Digital Bio, NanoEnTek Inc.,
Korea), after red cell lysis. Immunophenotypic analyses were
performed on 600 pl of EDTA peripheral blood incubated for
30 min 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
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638 nm and interfaced with Kaluza analysis software. For
each analysis, 20,000 events were acquired and gated on for-
ward 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, CD56°"¢"CD16—,
CD56”"CD16%™, CD56"™CD16™"¢", CD56"™"CD16"™,
CD56%™CD16—, and CD56 — CD16""&", considering
isotype background (Fig. 1). The expression of KIR receptors
was performed on NK subsets. The flow cytometry compen-
sation 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, deter-
mining the threshold for positive staining.

Monoclonal Antibodies (mAbs)

The following mAbs were used: anti-CD3 phycoerythrin-cy-
anine 7 (PE-Cy7) (Mouse IgG1, clone: UCHT1) (Beckman-
Coulter); anti-CD19 PC-7 (Mouse 1gG1, clone: J3-119)
(Beckman-Coulter); anti-CD14 PC- 7 (IgG2a Mouse, clone:
RMO52) (Beckman-Coulter); anti-CD4 phycoerythrin (PE)
(Mouse Igl; clone 13B8.2); anti-CDS8 phycoerythrin-cyanine
5 (PE-Cy5) (Mouse IG1; clone B9.11); anti-CD16 fluorescein
(FITC) or PE-Cy5 (Mouse IgGl, clone: 3G8) (Beckman-
Coulter); anti-CD56 PE (Mouse IgG1, clone: N901) (NKH-
1) (Beckman-Coulter); anti-human KIR2DL1/CD158a FITC
(Mouse IgGl, clone: 143211) (R&D Systems, Minneapolis,
MN, USA); anti-human KIR2DS4/CD158i allophycocyanin
(APC) (Mouse IgG2a, clone: 179315) (R&D Systems); anti-
human ILT2/CD85j APC (Mouse IgGl, clone: 292305)
(R&D Systems); anti-human KIR2DS1/CD158h Alexa
Fluor 700 (Rabbit IgG, clone: 1127B) (R&D Systems); and
anti-anti-KIR2DS2/CD158b polyclonal antibody FITC
(Rabbit IgG aa39-65) (LSBio, Seattle, WA, USA).
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Fig. 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)

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 in-
structions (BAG, Lich, Germany; Astra Formedic, Milan,
Italy). Allele detection was done after amplification in a
GeneAmp PCR 9700 thermocycler (Applied Biosystems,
Foster City, CA, USA) by gel electrophoresis on 2% agarose
gel.
KIR-HLA complexes were defined as follows:

i. KIRs 2DL1 and 2DSI ligate the C2 epitope (Asp at posi-
tion 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 KIRs
3DLI1 and 3DSI1[17, 18].

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 summa-
rized as median and standard deviation or median and
interquartile range (IQR; 25th and 75th percentiles) re-
spectively. Comparisons between groups were per-
formed using a t-test or two-tailed Mann-Whitney test
for independent samples. Kruskal-Wallis analysis of var-
iance 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).
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Results

Patients’ clinical characteristics are given in Table 1. COVID-
19 respiratory involvement ranged from mild to severe, and,
about the lungs’ modifications on the chest CT scan, eight
patients infected by SARS-CoV-2 showed ground glass opac-
ities, six showed consolidations, and three showed both
ground glass opacities and consolidations. No abnormalities
on the chest CT scan were found in negative patients.

Regarding long-term comorbidities (i.e., those present be-
fore being exposed to the virus), patients were affected on
median by one disease each (Table 2), with hypertension be-
ing the most common one.

Analysis of Peripheral T, B, and NK Subsets

Thirty COVID-19 convalescent patients who had been diag-
nosed 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 individ-
uals enrolled in the study: (1) CD56°¢MCD16—; (2)
CD56°iertcp16dim: (3) CD569'™CD16—; (4)
CD56"™CD16%™; (5) CD56"™CD16""¢"; and (6) CD56 —
CD16°"¢™ The expression of the activating receptors
KIR2DS1, KIR2DS2, and KIR2DS4 as well as that of the
inhibitory receptors KIR2DL1 and KIRILT-2 was analyzed
as well in all patients and controls.

Percentage and absolute number of T, B, and NK lympho-
cyte subsets were analyzed in all the individuals enrolled in
the study. Results did not show the presence of any significant
differences in any of the immune populations when COVID-
19 patients were compared to controls or when they were
divided up based on disease severity (Table 3).

Table 1  Clinical characteristics of COVID-19 convalescent patients
and healthy controls. CNS central nervous system, PNS peripheral ner-
vous system, DOC disorder of consciousness, Q7 and Q3 first and third
quartile, respectively. For each diagnostic group, the most common

Table 2 Patients’ comorbidity. N number of patients affected by the
disease before the diagnosis of COVID-19. These diseases are known to
be associated with poor prognosis in SARS-CoV-2 infection. Each pa-
tient was diagnosed as being affected by at least one of these conditions

Disease N

Hypertension 25
Diabetes mellitus

Ischemic heart disease

Active smoking

Chronic obstructive pulmonary disease
Malignancy

N B A 0O

Obstructive sleep apnea syndrome

Results showed that the percentage of (1)
CD56"™CD16""€" and CD56%™CD16— cells was reduced
in severe (median = 60% and 3% respectively) compared to
mild (CD56%™CD16""¢" median = 76%, p = 0.03) and
moderate (CD56%™CD16— median = 6%, p = 0.01)
COVID-19 patients; (2) CD56 — CD16°"&" cells was in-
creased in severe (median = 7.4%) compared to mild (median
= 5%) and moderate (median = 3%, p = 0.04) COVID-19
patients and controls (median = 4%); and (3)
CD56%MCD16%™ cells was reduced in mild (median = 8%)
COVID-19 patients compared to SARS-CoV-2-uninfected
controls (median = 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 CD56%™CD16"€" cells, the major

diagnosis is given (in brackets) as well as the COVID severity (1, mild;
2, moderate; 3, severe). Duration of infection: days between the first
positive and the first negative SARS-CoV-2 test on nasopharyngeal swab
(NPS) or bronchial aspirate

COVID-19 patients No COVID
Age, median (Q1-Q3), years 66 (58-76) 65 (58-75)
Gender, male/female 19/11 7/3
Brain injury with DOC history 6(4) 6(4)
(hemorrhagic stroke)
COVID severity, median (range) 2 (1-2) -
Injury of the CNS without DOC history 15(8) 3(Q)
(stroke and cerebrovascular disease)
COVID severity, median (range) 2 (1-3) -
Disease of the PNS 9(7) 1(1)
(peripheral neuropathy)
COVID severity, median (range) 3(1-3) -
Duration of infection, median (Q1-Q3), days 42 (32.5-58) -
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Table 3 Percentage (%) and
absolute number of peripheral No-COVID Mild Moderate Severe
blood lymphocyte subsets in
convalescent COVID-19 patients p Value
who suffered from mild, moder- CD3% 83.5 79 76 80 n.s.
ate, or severe disease and in (79-88.7) (73-85) (74.5-77) (74.2-81.5)
healthy 'controls. Mefhal'l and in- CD3 1320 1270 1079 1409
terquartile range are indicated.
n.s. Not significant (1011-2222) (763-2060) (751-1296) (1103-1854)
CD4% 535 48 50 44 ns.
(48-57) (34-53) (45-55) (38-54)
CD4 895 713 681 852
(802-1577) (398-1088) (440-828) (690-1171)
CD8% 25 30 24 30 ns.
(22-32) (24-35) (23-30) (23-38)
CD8# 448 435 357 512
(278-840) (282-666) (247-432) (330-737)
CD16% 8 7 11 7 ns.
(5-14) (4-12) (5-13) (5-15)
CDl16 177 98 117 143
(66-251) (88-153) (97-168) (78-198)
CD19% 5 6 10 5 ns.
(4-10) 5-9) (7-12) (4-8)
CDI19 179 103 133 113
(58-241) (70-128) (64-151) (75-156)
CD3+DR+ % 13 22 17 23 n.s
(12-16) (13-23) (10-20) (11-31)
CD3+DR+ 290 252 186 492
(190-391) (180-390) (94-350) (109-630)
CD4+DR+ % 4 5 4 5 n.s.
(3-6) 4-7) 3-5) (4-9)
CD4+DR+ 64 92 68 117
(38-95) (74-107) (30-116) (70-160)
CD8+DR+ % 8 14 5 11 ns.
(5-10) (5-17) (3-12) (8-18)
CD8+DR+ 166 178 72 226
(118-240) (111-222) 31-171) (88-316)
CD16+DR+ % 1 1 1 2 n.s.
(0-3) 0-2) 0-2) 0-4)
CD16+DR+ 14 16 10 34
(13-54) (5-23) (5-30) (2-63)

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 (median = 30%)
compared to mild (median = 15%) (p = 0.03) or moderate
(median = 14%) (p = 0.02) COVID-19 patients and SARS-
CoV-2-uninfected controls (median = 14%) (p = 0.02). No
differences were observed upon analyses of MFI of these
receptors.

The expression and MFI of ILT-2, another inhibitory re-
ceptor, 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 (median = 4.3%) and moderate
(median = 3.2%) COVID-19 patients compared to
SARS-CoV-2-uninfected controls (median = 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
(Fig. 4). Results of further analyses showed that in all
groups of COVID-19 patients, 85% of CD56-CD16°"™
cells express ILT2 (Supplemental Fig. 1).
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Fig. 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 (¢) of NK
subsets relative to total NK population in SARS-CoV-2-uninfected
healthy controls (white bar) and in convalescent COVID-19 patients
who suffered from mild (light gray bar), moderate (gray bar), or severe

KIR and HLA Ligand Distributions

The genetic pattern of distribution of all analyzed KIRs
and HLA-C, HLA Bw4 ligands, as well as the number
of activating and inhibitory KIR genes and of KIR-HLA
activating and inhibitory complexes is reported in
Supplementary Table 1. No statistical differences were
observed between groups.

However, KIR-HLA inhibitory complexes (2DL1-C2,
2DL2-C1, 3DL3-Cl1, 3DL1-Bw4) were more frequently
present in patients who developed either a moderate
(absolute number of KIR-HLA inhibitory complex: N
20) or a severe (N 25) form of COVID-19
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(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 signif-
icance is shown: *comparisons mild vs no COVID; #comparisons mild vs
severe; Scomparisons moderate vs severe

compared to the situation observed in individuals with
mild disease (N = 12) or SARS-CoV-2-uninfected con-
trols (N = 13) (Table 1S and Fig. 5a). These differ-
ences approached but did not reach statistical signifi-
cance, possibly because of the limited number of ana-
lyzed 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 de-
veloped moderate (60%) and severe (50%) forms of
COVID-19 compared to the situation seen in individuals
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Fig. 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
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convalescent COVID-19 patients who suffered from mild (light gray bar),
moderate (gray bar), or severe (black bar) disease. The percentage of NK
cell percentage expressing the 2DL1 (d) and ILT2 (e) inhibitory KIR

with mild disease (30%) or in SARS-CoV-2-uninfected
controls (20%) (Fig. 5b). In particular, the genetic
KIR2DS1-C2 (activatory)-negative/KIR2DL1-C2 (inhibi-
tory)-positive complex was more frequently observed in
patients with moderate (50%) and severe (50%) COVID-
19 than in those with mild (40%) disease or in controls
(10%) (Fig. 5c). These results were confirmed by the ob-
servation that cells of individuals with mild COVID-19
and SARS-CoV-2-uninfected more frequently carried
both activatory and inhibitory KIRs (70% and 80%, re-
spectively) (Fig. 5b).

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 signif-
icance is shown. *Comparisons no COVID vs severe; “comparisons mild
vs severe; Scomparisons moderate vs severe; $compan'sons no COVID vs
mild; £comparisons no COVID vs moderate

Discussion

We performed an analysis of innate immune responses in a
group of patients affected by 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 recovering from
severe COVID-19 are characterized by a peculiar skewing in
NK cell subpopulations. Thus, in these patients, CD56-
CD16°18" were increased, whereas CD56%™CD16— and
CD56%™CD16"E" NK cells were reduced in comparison to
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Fig. 5 Absolute number of activating and inhibitory KIR receptors in SARS-CoV-2-uninfected healthy controls (white bar) and in convalescent
COVID-19 patients who suffered from mild (light gray bar), moderate (gray bar), or severe (black bar) disease (a). Percentage of subjects carrying
inhibitory but not activating KIR or carrying both inhibitory and activating KIR (b). Percentage of subjects carrying KIR2DS1, KIR2DL1, and HLA-C2
ligands and of subjects expressing different KIR2DS1/2DL1-HLA-C2 functional complexes (¢): 2DS1 + C2+/2DL1 + C2+ (both inhibitory and
activating receptor are functional); 2DS1 + C2+/2DL1-C2+ (only activating receptor is functional)

2DS1-C2+/2DL1 + C2+ (only inhibitory receptor is functional).
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patients who suffered from either mild or moderate COVID-
19.

An expansion of CD56 — CD16 8" NK cells was previ-
ously described in chronic HCV infection [19] and in viremic
HIV-infected patients, but not in those individuals in whom
antiretroviral therapy resulted in viremia suppression [20].
Even more recently the same phenomenon was described in
Cytomegalovirus and Epstein-Barr virus co-infected elderly
individuals [21]. Importantly, results obtained in chronic
HIV-1 and HCV infections showed that expansion of
CD56"°® NK cells is accompanied by decreases in numbers
of CD56%™ NK cells [19, 22]. CD56™8 NK cells were ob-
served to be phenotypically more closely related to CD56%™
NK cells than CD56"€" NK cells. Thus, results obtained by
principal component analysis (PCA) [23] and by studies fo-
cusing on epigenetic modifications, [24, 25] showed that
CD56"¢ cells display a transcriptional feature more similar
to that of CD56%™ than to that of CD56""€" NK cells.

CD56 — CDI16 " NK cells are characterized by a sig-
nificantly lower cytolytic activity and a scarce ability to se-
crete cytokines [26]; we observed that this NK subset also
expresses the inhibitory ILT2 receptor in SARS-CoV-2-
infected patients. CD56*™CD16— cells are instead endowed
with a potent antiviral activity mediated both by cytolytic
mechanisms and by the production of high amounts of I[FNy
[27, 28]. These cells were recently shown to be decreased in
COVID-19 patients with a diagnosis of ARDS and who re-
quired mechanical ventilation [29]. A higher expression of
ILT2 and 2DL2 on CD56- NK was shown to associate with
an increased receptor-specific inhibition of CD16-mediated
cytolytic activity in HIV infection [20]. The observation that
this same cell population is expanded in COVID-19 patients
indicates that similar alterations of NK cell populations are
present in both diseases. The additional observation that the
CD56"™CD16- and the CD56"™CD16*¢" NK cell subsets
were reduced in patients recovering from severe COVID-19
reinforces the idea that NK cell-mediated immune responses
are impaired in severe SARS-CoV-2 infection.
CD56%™CD16" " NK cells, finally, besides being character-
ized 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 influ-
enza virus, herpes simplex virus type 1, and HCMV [30-32].
NK-mediated ADCC was recently suggested to contribute to
viral control in COVID-19 patients, as antibodies elicited to-
ward the SARS-CoV-2 S glycoprotein (S309 and S306)-
transfected cells could efficiently trigger ADCC [33].

The Don Gnocchi Foundation, where the study was con-
ducted, is a rehabilitation clinical center; as such, we did not
have access to patients with ongoing, acute COVID-19 infec-
tion who died from their disease. Other authors have never-
theless analyzed NK cell subsets in these patients. Results
showed that an increase of exhausted CD569™CD16"" €™
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and of CD57* mature cells [34, 35] and a decrease of
CD56" 8" NK characterize patients suffering from extremely
severe COVID-19 disease [34]. These results could be seen as
being in disagreement with ours, but once the subset of pa-
tients who did survive extremely severe infection was ana-
lyzed alone, results showed that, similarly to what we ob-
served, exhausted CD56Y™CD16¢" NK cells were dimin-
ished. Taken together these results allow the speculation that
the extensive viral replication and the proinflammatory milieu
seen in severe COVID-19 results in the increase of
CD56%™CD16" and of CD57* mature NK cells, which
are characterized by impaired cytolytic functions, and the re-
duction of CD561ight cells, which are known to be endowed
with a potent antiviral activity.

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 qualita-
tively antagonist receptors dictates whether NK cell will or
will not be activated. Analyses of KIR activating and inhibi-
tory receptors on NK CD56%™CD16"€" cells, the major rep-
resentative subset in peripheral blood, showed that, whereas
no differences could be seen in the expression the activating
2DSI1, 2DS2, and 2DS4 receptors, the percentage of NK cells
expressing the inhibitory receptor 2DL1 was significantly in-
creased in severe COVID-19 patients. The skewing toward a
preferential expression of inhibitory NK cell-associated mol-
ecules in COVID-19 patients was further supported by results
showing that ILT2 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 [36], and it is
known that KIR/HLA interactions influence both susceptibil-
ity and protection toward infective diseases [37—41]. Within
the scenario of infectious diseases, an increased expression of
inhibitory NK cell receptor on CD56 — CD16 + NK cells
was shown to be present in HIV infection 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, fur-
ther supports the hypothesis that NK function is defec-
tive 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.
These alterations can be summarized as an altered dis-
tribution of NK subsets and a preferential expression of
NK inhibitory receptor, which is particularly evident in
convalescent COVID-19 patients who suffered from a
more severe form of infection.
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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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