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ARTICLE INFO ABSTRACT

Keywords: Background: NK cells seem to be mainly involved in COVID-19 pneumonia. Little is known about NKT cells which
Flow Cytometry represent a bridge between innate and adaptive immunity.

SARS-CoV-2 . . Methods: We characterized peripheral blood T, NK and NKT cells in 45 patients with COVID-19 pneumonia
gg?;gzgl}:temtypmg analysis (COVID-19 subjects) and 19 healthy donors (HDs). According to the severity of the disease, we stratified COVID-
CD56dim 19 subjects into severe and non-severe groups.

Results: Compared to HDs, COVID-19 subjects showed higher percentages of NK CD57+ and CD56dim NK cells
and lower percentages of NKT and CD56bright cells. In the severe group we found a significantly lower per-
centage of NKT cells. In a multiple logistic regression analysis, NKT cell was independently associated with the
severity of the disease.

Conclusions: The low percentage of NKT cells in peripheral blood of COVID-19 subjects and the independent

association with the severity of the disease suggests a potential role of this subset.

1. Introduction

The pathogenesis of coronavirus disease-2019 (COVID-19) pneu-
monia related to the novel coronavirus, severe acute respiratory syn-
drome coronavirus-2 (SARS-CoV-2), is still unknown. Although
virological, epidemiological, clinical, routine laboratory, imaging, and
management outcome features of patients with COVID-19 pneumonia
have been rapidly defined [1-7], the immune system response is not
well understood.

Beside dyspnea, hypoxemia and acute respiratory distress, lympho-
penia and cytokine release syndrome are also important clinical features
in patients with severe COVID-19 pneumonia [4] suggesting that ho-
meostasis of the immune system plays an important role in the devel-
opment of COVID-19 pneumonia. The increase of neutrophils/
lymphocytes ratio and the reduction of lymphocytes were correlated
with the severity of the disease and death [8-10]. Furthermore,
exhaustion markers, such as the inhibitory NK group 2 member A
(NKG2A) receptors on NK cells and CD8+ T cells, are up-regulated in
patients with COVID-19 pneumonia and these cytotoxic cells reduced
perforin and granzyme content, suggesting an impaired cytotoxic im-
mune response in COVID-19 pneumonia [11].

De Biasi et al., have recently reported an increase of CD57 expression
on CD8+ T cells [13]. CD57 is considered a key marker of in vitro
replicative senescence and is associated either to human aging or pro-
longed chronic infection [14]. Cell surface markers, mainly absence of
CD28 or expression of CD57, have been used to identify T lymphocytes
as senescent in vitro. In the immune system, immunosenescence in-
cludes a shift towards less functional T cells [15,16]. However, CD57
expression is reported to be also a marker of mature NK cells. Func-
tionally, CD57 is associated with NK cell adhesion and homing to
inflamed tissue [17].

Apart T and NK cells, NKT cells represent a unique subset that shares
some characteristics with both NK and T cells and are particularly
interesting due to their powerful role in the immune system. This pop-
ulation seems to be involved in tissue damage after acute myocardial
infarction and chronic pulmonary diseases [18,19].

To better understand the mechanisms underlying functional immune
impairment in COVID-19 pneumonia, we investigated the characteris-
tics of peripheral blood T, NK and NKT cells in patients with COVID-19
pneumonia correlating these obtained findings with clinical parameters.
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Fig. 1. Flow cytometric gating strategy.
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Using forward scatter (FSC) and side scatter (SSC), the PMN and lymphocyte populations were gated. After gating lymphocytes population, T cells were defined as
CD3 + CD56- and then characterized into CD3 + CD8- (CD3 + CD56-CD8-) and CD3 + CD8+ (CD3 + CD56-CD8+) cells and their relative frequency of immu-
nosenescence (CD28-CD57+) was evaluated. The NK cell population was identified as CD3-CD56+ cells and the expression of CD57 was evaluated. Further NK cells
were categorized into different subsets according to the expression of CD16 and CD56 molecules as CD56bright (CD3-CD56brightCD16+/—), CD56dim (CD3-
CD56dimCD16+/—). Finally, the NKT cell population was defined as CD3 + CD56 + .



M.A. Zingaropoli et al.

Clinical Immunology 222 (2021) 108630

Table 1
Demographics and clinical characteristics of study population.
HDs (n = 19) COVID-19 subjects (n = 45) Severe (n = 14) Non-severe (n = 31) p value

Characteristics
Age, median (IRQ) years 61 (55.5-66.0) 62 (54.3-75.0) 71 (62.3-85.5) 58 (52.0-66.0) 0.017¢
Male/Female 7/12 17/28 8/6 9/22 0.072°
Smoking 5 4 1 3 ns®
Incubation period (days) - 9 (5-10.5) 7 (6.3-10) 9 (5-11) ns*

Comorbid condition
Any - 26 12 14 0.021°
Chronical obstructive pulmonary disease - 4 3 1
Hypertension - 16 7 9
Cardiovascular disease - 7 4 3
Diabetes - 7 3 4
Malignant tumor - 7 3 4
Dyslipidemia - 6 3 3
Obesity - 5 2 3

Signs and symptoms
Fever - 35 12 23
Dry cough - 20 4 16
Shortness of breath - 9 5 4
Confusion - 1 1 0
Anosmia and ageusia - 3 2 1

Laboratory findings
WBC (x 10°/L) (4.4-11.3)° 4.8 (3.5-5.8) 5.4 (4.6-8.0) 4.2 (3.3-5.7) 0.061°
Lymphocytes (x 10°/L) (1.0-4.8)° 1.0 (0.8-1.3) 0.9 (0.6-1.2) 1.0 (0.8-1.3) ns”
CRP (mg/dl) (0.0-0.6)° 3.5(1.7-10.6) 9.6 (4.2-16.6) 2.2 (0.8-5.2) 0.002"
P/F ratio >400° 329 (248-438) 177 (143-248) 383 (315.3-470) <0.0001"
AST (UI/L) (9-45)° 21 (17-31) 31 (21.8-53) 18.5 (14.8-24.5) 0.0006"
Ferritin (ng/ml) (12—-300)° 473 (235.3-816) 871 (268-3044) 466 (227-583) ns”
LDH (U/L) (135-225)¢ 257 (204-310) 404 (269.5-438) 241 (185.5-272.5) <0.0001"
D-dimer (pg/ml) (50-420)° 932 (486-1733) 1612 (1331-2382) 598.5 (433.3-1012) 0.001"

HDs: healthy donors, IQR: interquartile range, CRP: C-reactive protein, WBC: white blood cells, P/F: PaO,/FiO,, AST: aspartate aminotransferase, LDH: lactate de-

hydrogenase.
Bold indicates p value significant.

3 The 2-tailed y? test or Fisher’s exact test was used for comparing proportions between severe and non-severe groups.
b The nonparametric comparative Mann-Whitney test was used to compare medians between severe and non-severe groups.

¢ Normal range of laboratory findings in healthy donors.
2. Methods
2.1. Study population

This study was approved by ethics committee of Policlinico Umberto
I, Sapienza University of Rome (protocol number 298,/2020) and written
informed consent was obtained for each subject.

A case-control design was used. Cases were patients with COVID-19
pneumonia (COVID-19 subjects) admitted to the Policlinico Umberto I
Hospital, Sapienza University of Rome. COVID-19 pneumonia was
initially diagnosed based on the clinical symptoms and later confirmed
by detecting SARS-CoV-2 RNA in nasal and pharyngeal swab specimens
using a SARS-CoV-2 nucleic acid detection kit according to the manu-
facturer’s protocol (RealStar® SARS-CoV-2 Altona Diagnostic, Ger-
many). For each patient with COVID-19 pneumonia enrolled, the
following data was extracted from electronic medical records: age, sex,
medical history, symptoms, laboratory findings, chest CT or radiology
findings.

As the control group, healthy donors (HDs) with similar age and sex,
absence of symptoms, negative swab for SARS-CoV-2 RNA detection and
negative serostatus for SARS-CoV-2 were enrolled.

Based on the severity disease, COVID-19 subjects were stratified into
two groups: severe and non-severe. A non-severe case was defined as a
confirmed case with fever, respiratory symptoms and radiographic ev-
idence of pneumonia, while a severe case was defined with dyspnea or
respiratory failure. Specifically, severe illness was defined according to
the following criteria at the time of the admission: breathing rate > 30
times/min, pulse oximeter oxygen saturation (SpO3) <93% at rest and
ratio of partial pressure of arterial oxygen (PaO-) to fraction of inspired
oxygen (FiO2) <300 mmHg.

2.2. Flow cytometry antibody staining

At the enrollment, peripheral whole blood samples were collected in
heparin tube for each subject and tested within three hours withdrawal.
Using multiparameter flow cytometry, the subset distribution and
immunophenotype of polymorphonuclear (PMN) cells, T cells, CD3 +
CD8- cells, CD3 + CD8+ cells, NK cells, CD56dim NK cells, CD56bright
NK cells, NKT cells were investigated in peripheral whole blood samples
from COVID-19 subjects and HDs. Specifically, Pacific Blue-conjugated
anti-CD3 and APC/Cy7-conjugated anti-CD56 antibodies were used to
defined T (CD3 + CD56-), NK (CD3-CD56+) and NKT (CD3 + CD56+)
cells.

For T cells, using the APC-conjugated anti-CD8 antibody, two pop-
ulations were defined: CD3 + CDS8- (CD3 + CD56-CDS8-) and CD3 +
CD8+ (CD3 + CD56-CD8+) and their relative percentage of immuno-
senescence as lack of CD28- and expression of CD57+ was evaluated.

For NK cells, the APC/Cy7-conjugated anti-CD56 and PE/Cy7-
conjugated anti-CD16 antibodies were used to identify CD56dim
(CD3-CD56dimCD16+/—) and CD56bright (CD3-CD56brightCD16+/
—). The expression of the PE-conjugated anti-CD57 was evaluated on
total NK cells (CD3-CD56 + CD57+).

For NKT cells were defined as the co-expression of the Pacific Blue-
conjugated anti-CD3 and APC/Cy7-conjugated anti-CD56 antibodies.
Gating strategy is shown in Fig. 1.

Briefly, for each panel, 50 pl of whole blood was stained with the
relative mix of monoclonal antibodies (all from BioLegend). The mixture
was incubated in darkness at 4 °C for 20 min. Following direct immu-
nofluorescence staining of peripheral blood cells with monoclonal an-
tibodies, lyse red blood cells was performed by incubating in dark at
room temperature for 10 min (BD Biosciences). The cells were washed
twice in phosphate-buffered saline (PBS) containing 1% of Fetal Calf
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Fig. 2. Immunophenotyping analysis performed in COVID-19 subjects and HDs.
Data are shown as median (lines) and interquartile ranges (whiskers). PMN: polymorphonuclear cell percentage, PMN/T: PMN cell percentage/T cell percentage.
HDs: healthy donors. *p < 0.05, **0.01 < p < 0.001, **** p < 0.0001 (Mann-Whitney test).
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Table 2
Immunophenotyping analysis data on study population.
HDs (n = 19) COVID-19 subjects (n = 45) p value® Severe (n = 14) Non-severe (n = 31) p value”
PMN cells (%) 37.9 (31.7-43.6) 33.2 (27.7-46.0) ns 29.5 (21.6-35.8) 34.0 (29.0-54.0) 0.032
PMN/T ratio 0.8 (0.7-1.0) 1.3 (0.7-1.5) 0.024 1.6 (1.3-2.3) 0.7 (0.7-1.3) <0.0001
T cells (%) 47 (40.1-53.2) 29.0 (23.0-48.7) 0.025 23.0 (17.4-25.9) 42.2 (25.3-50.0) 0.0004
CD3 + CD8- cells (%) 56 (52.5-59.2) 47.8 (40.6-54.4) <0.0001 40 (30.3-54.2) 49.9 (45.1-54.6) 0.049
CD3 + CD8+ cells (%) 25.6 (23.7-27.7) 23.4 (20.0-31-3) ns 20.9 (18.1-24) 26.4 (20.8-32.9) 0.018
CD3 + CD8-CD28-CD57+ cells (%) 1.2 (0.6-2.8) 3.7 (2.9-5.8) ns 3.9 (3.2-5.9) 3.7 (2.8-5.7) ns
CD3 + CD8 + CD28-CD57+ cells (%) 10.4 (7.2-17.2) 14.1 (6.9-20.8) <0.0001 16.3 (10.2-22.6) 11.6 (4.9-19.7) ns
NK cells (%) 14.7 (8.2-16.5) 8.1 (5.7-17.7) ns 9.0 (5.9-18.5) 8.1 (5.7-18.0) ns
NK CD57+ cells (%) 13.7 (5.0-20.5) 25.9 (15.3-35.8) 0.001 24.1 (12.9-35.3) 26.5 (15.9-36.4) ns
CD56bright cells (%) 8.1 (6.1-13.2) 5.8 (4.6-8.3) 0.005 5.1 (3.2-7.8) 6.7 (4.8-8.5) ns
CD56dim cells (%) 92.1 (87-94.3) 93.4 (90.9-95.4) 0.034 94.9 (92-96.4) 92.7 (90.4-95.1) ns
NKT cells (%) 8.8 (5.8-12.1) 3.8 (2.4-7.0) 0.002 2.1 (0.8-4.1) 4.7 (3.0-8.6) 0.001

# The nonparametric comparative Mann-Whitney test was used to compare medians between HDs and COVID-19 subjects
b The nonparametric comparative Mann-Whitney test was used to compare medians between severe and non-severe groups. HDs: healthy donors, PMN/T: poly-

morphonuclear cell percentage/T cell percentage, ns: not significant.

Serum (FCS). Next, cells were fixed in PBS containing 0.5% of formal-
dehyde (Sigma-Aldrich) before analysis. The stained blood was acquired
using MACSQuant (Miltenyi Biotec, Germany) and analyzed using
FlowJo™ v10.6.2 software.

2.3. Statistical analysis

All data were reported as median with IQR (25th-75th percentile).
Flow cytometry data were described as percentages. Nonparametric
comparative Mann-Whitney test was used to compare medians between
the two groups. The 2-tailed 42 test or Fisher’s exact test was used for
comparing proportions of categorical variables. Spearman correlation
coefficient was calculated for assessing the correlation between quan-
titative variables. Moreover, a linear regression model was built for all
peripheral blood cell subsets as dependent variables, while the inde-
pendent variable of interest was being a COVID-19 subject. The analyses
were conducted using age and gender as possible confounders. The
goodness of fit was assessed using the R? value. The results are reported
as Beta coefficients (p value).

Finally, considering only cases, a multivariate logistic regression
analysis was used to evaluate the effects of the severity of the disease of
different peripheral blood cell subsets, using age, gender and presence of
comorbidities as potential confounders. Results are expressed as OR
with 95% CI.

All statistical analyses were performed using GraphPad Prism v.8.4.1
software and p < 0.05 was considered statistically significant. Linear and
logistic regression analyses were performed with the statistical software
SPSS, release 25.0.

3. Results
3.1. Characteristics of study population

Between March 2020 and April 2020, a total of 45 patients with
laboratory confirmed COVID-19 pneumonia (COVID-19 subjects) hos-
pitalized at Policlinico Umberto I, Sapienza University of Rome, Italy,
were included in the study. In addition, 19 healthy donors (HDs) with
similar age and sex were unrolled as the control group. Demographic
and clinical characteristics of study population are reported in Table 1.

Among COVID-19 subjects, 57.8% had at least one comorbidity
(chronic obstructive pulmonary disease, hypertension, cardiovascular
disease, diabetes, malignant tumor, dyslipidemia, obesity) and the most
common symptoms were fever (77.8%), dry cough (44.4%), shortness of
breath (20%) and anosmia and ageusia (6.7%). According to CT or X-ray
findings, all COVID-19 subjects showed bilateral pneumonia. At the
admission, in blood test, laboratory findings showed increase of CRP,
ferritin, lactate dehydrogenase (LDH) and D-dimer levels compared to
normal range. Otherwise, a reduction of PaOy/FiOy (P/F) ratio was

observed. Aspartate aminotransferase (AST) levels were in the normal
range (Table 1).

Among all COVID-19 subjects, 31.1% was clinically diagnosed as
severe COVID-19 pneumonia (severe group) and 68.9% as non-severe
COVID-19 pneumonia (non-severe group) (Table 1). In the severe
group, COVID-19 subjects were older and showed a higher prevalence of
comorbidities (85.7%) compared to the non-severe group (45.1%). In
the severe group, laboratory findings showed a significant higher level
of CRP, P/F ratio, AST, LDH, and D-dimer compared to the non-severe
group (Table 1).

3.2. Immunophenotyping analysis findings in COVID-19 group compared
to HDs

First, the evaluation of PMN cell percentage/T cell percentage
(PMN/T) ratio showed a significantly higher ratio in COVID-19 subjects
compared to HDs (Fig. 2B).

Total T cells were immunophenotyped and subsequentially sub-
divided according to the CD8 expression in two subsets: CD3 + CD8-
and CD3 + CD8+ cells. For each of these subsets immunesenescence
percentages (CD28-CD57+) were evaluated. Compared to HDs, COVID-
19 subjects showed a significantly lower percentages of total T cells
(Fig. 2C) and CD3 + CD8- cells (Fig. 2D). Otherwise, COVID-19 subjects
showed a significantly higher percentage of CD3 + CD8-CD28-CD57+
cells compared to HDs (Fig. 2F). Moreover, we observed higher per-
centages of CD3 + CD8 + CD28-CD57+ cells in COVID-19 subjects
compared to HDs, although not statistically significant (Fig. 2G).

Total NK cells were defined as CD3-CD56+ and CD57 expression was
evaluated. COVID-19 subjects showed lower percetanges of total NK
cells compared to HDs, although not statistically significant (Fig. 2H).
However, a higher percentage of NK CD57+ cells in COVID-19 subjects
compared to HDs was observed (Fig. 2I).

NK cells were divided into a CD56bright and CD56dim population.
COVID-19 subjects showed a significantly lower percentage of
CD56bright NK cells (Fig. 1J) and a significantly higher percentage of
CD56dim NK cells (Fig. 2K).

Apart from NK and T cells, peripheral blood comprises other leuco-
cyte subsets. For instance, co-expression of CD3 and CD56 is used to
identify NKT cells. Compared to HDs, COVID-19 subjects showed a
significantly lower percentage of NKT cells (Fig. 2L). All results are re-
ported in Table 2.

3.3. Immunophenotyping analysis findings and COVID-19 severity

COVID-19 subjects were stratified according to the severity of the
disease into two groups: severe and non-severe (Table 2).

The severe group showed a significantly higher PMN/T ratio
(Fig. 3B) and a significantly lower percentage of total T cells (Fig. 3C),
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Table 3
Multiple linear regression analysis. Dependent variables: peripheral blood
cell subsets; Independent variable: being a COVID-19 subject.

B p value R? of the Model
PMN/T ratio 0.441 0.008 0.244
T cells (%) -11.327 0.002 0.265
CD3 + CD8- cells (%) —9.253 0.000 0.295
CD3 + CD8+ cells (%) -1.972 0.329 0.023
CD56bright NK cells (%) —2.850 0.001 0.251
CD56dim NK cells (%) 2.115 0.012 0.184
NKT cells (%) —3.808 0.001 0.158

PMN/T: polymorphonuclear cell percentage/T cell percentage, 8: coefficient.

Table 4

Simple and multiple logistic regression results for the severity of the disease.
0Odd ratio crude p 0Odd ratio adjusted™ p
(95% CI) value (95% CI) value

PMN/T ratio 12.14 (2.37-62.25) 0.003 11.45 (1.87-70.34) 0.008

T cells (%) 0.90 (0.84-0.97) 0.004 0.91 (0.84-0.98) 0.018

CD3 + CD8+ 0.85 (0.751-0.96) 0.014 0.70 (0.55-0.89) 0.003
cells (%)

NKT cells (%) 0.52 (0.32-0.85) 0.008 0.25 (0.83-0.73) 0.011

" for gender, comorbidities and ages. PMN/T: PMN cell percentage/T cell
percentage, NKT: natural killer T, B: coefficient.

CD3 + CD8- cells (Fig. 3D) and CD3 + CD8+ cells (Fig. 3E) compared to
the non-severe group. A higher percentage of CD3 + CD8 + CD28-
CD57+ cells in severe group compared to non-severe one was found,
although not statistically significant (Fig. 3G).

The evaluation of NK subsets showed a lower percentage of
CD56bright (Fig. 3J) and a higher percentage of CD56dim in the severe
group compared to the non-severe one, although not statistically sig-
nificant (Fig. 3K).

Finally, the severe group showed a statistically lower percentage of
NKT cells compared to the non-severe group (Fig. 3L).

3.4. Multiple linear and logistic regression analysis and correlation
between immunophenotyping subsets and clinical data

Multiple linear regression analysis adjusted for gender and ages was
performed. The higher PMN/T ratio and the percentage of CD56dim NK
cells as well as the lower percentages of T cells, CD56bright NK cells and
NKT cells resulted independently associated to COVID-19 pneumonia
(Table 3).

Simple and multiple logistic regression analysis was performed in
COVID-19 subjects. The increase of PMN/T ratio and the reduction in
the percentages of T cells, CD3 + CD8+ cells and NKT cells resulted
independently associated to the severity of the disease in patients with
COVID-19 pneumonia (Table 4).

A negative correlation between P/F ratio and PMN/T ratio was
observed (Fig. 4A). Otherwise, a positive correlation between P/F ratio
and the percentage of T cells (Fig. 4B) as well as between P/F ratio and
the percentage of NKT cells was found (Fig. 4C).

4. Discussion

Here, we reported immunophenotyping analysis of peripheral blood
cells in a cohort of patients with laboratory confirmed COVID-19
pneumonia in Rome, Italy.

To the best of our knowledge, this is the first study that characterized
NK populations according to CD56 expression and that investigated NKT
cells in patients with COVID-19 pneumonia correlating these subsets to
clinical parameters and severity of the disease.

The most relevant findings are that in COVID-19 subjects we
observed significantly a higher percentage of NK CD57+ cells and

Clinical Immunology 222 (2021) 108630

CD56dim NK cells compared to HDs. On the other hand, in COVID-19
subjects we found a significantly lower percentage of CD56bright and
NKT cells compared to HDs. Moreover, the low percentage of NKT cells
resulted independently associated to the severity of the disease and
positively correlated to P/F ratio.

Consistent with previous studies [5,20,21], at admission almost half
of patients with COVID-19 pneumonia in our cohort had at least one
underlying disorder (i.e. hypertension, diabetes, chronic obstructive
pulmonary disease) and the laboratory abnormalities predominantly
included elevated inflammatory markers, such as CRP, LDH and D-dimer
among others. When all patients with COVID-19 pneumonia were
stratified according to the severity of the disease, those in the severe
group were older and showed a higher prevalence of comorbidities (i.e.
hypertension and cardiovascular disease) compare to patients in the
non-severe group. This evidence underlines that the presence of chronic
comorbidities affects weaker immune functions likely making it more
vulnerable to severe COVID-19 pneumonia. Moreover, the laboratory
abnormalities observed were more noticeable in the severe group
compared to the non-severe one.

Zheng et al. reported that among the lymphocyte populations, NK
cells could be mainly involved in the COVID-19 response [11]. In line
with previous report [12], in COVID-19 subjects we observed a lower
percentage of NK cells compared to HDs as well as in severe group
compared to non-severe one, although not statistically significant.
However, in COVID-19 subjects we found a significantly higher per-
centage of NK CD57+ cells compared to HDs. CD57 expression is re-
ported to be a marker of mature NK cells. Functionally, CD57 is
associated with cell adhesion and homing to inflamed tissue [17].
Therefore, the increase of CD57 expression on NK cells that we observed
in COVID-19 subjects might be a result of increased migration from the
periphery into tissues. This evidence is in line with a previous report in
which Liao et al. compared single-cell RNA sequencing analysis of
bronchoalveolar lavage fluid samples from patients with COVID-19 with
healthy donors and found higher proportions of NK cells in COVID-19
patients, suggesting trafficking of NK cells to the lungs [22]. More-
over, considering that CD57 expression on human lymphocytes in-
dicates an inability to proliferate, these cells display high cytotoxic
potential, and NK CD57+ cells exhibit both memory-like features and
potent effector functions. Thus, the increased expression of CD57 on NK
cells that we observed is in line with a previous report by Jiang et al. in
which they showed an increase of cytotoxic potential of NK cells in
COVID-19 subjects [12].

In our study we characterized two NK cell subsets: the cytotoxic
CD56dim NK subset and the regulatory CD56bright NK subset [23,24].
In COVID-19 subjects we observed a significantly lower percentage of
CD56bright NK cells and a higher percentage of CD56dim NK cells
compared to HDs. The same trend was observed in the severe group
compared to the non-severe one. The lower percentage of CD56bright
NK cells observed in COVID-19 subjects may be attributed to a migration
in tissue and secondary lymphoid organs where they exert their function
in response to inflammation caused by invading pathogens [25,26]. On
the other hand, the higher percentage of CD56dim observed in COVID-
19 subjects, suggest that upon well-established SARS-CoV-2 infection,
NK cells remaining in the periphery may have an exhausted phenotype.

Apart from NK and T cells, peripheral blood comprises other leuco-
cyte subsets such as NKT cells which are the only cell line to express both
T cell and NK receptors on their surface membranes [27].

Like NK cells, NKT cells possess cytotoxic capabilities, but are pri-
marily considered to have an important regulatory function via the
secretion of large amounts of pro- or anti-inflammatory cytokines upon
activation, thereby resulting in amplification or dampening of the im-
mune response [28]. Despite of the low proportion of NKT cells among
circulating mononuclear cells, defects in NKT cell frequency and cyto-
kine production have been reported in several infectious and autoim-
mune diseases [29].

As reported by Mazzoni et al. [30], in COVID-19 subjects we
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Fig. 4. Correlation between laboratory findings and immunophenotyping data.
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observed a significant lower percentage of NKT cells compared to HDs.
We reported also the same finding in the severe group compared to the
non-severe one. Ths evidence is in line with previous reports in chronic
obstructive pulmonary disease (COPD) in which a reduction of NKT cells
in peripheral blood [31] and an increased number of NKT cells in the
lungs were observed [32]. Moreover, in acute viral infection pulmonary
NKT cells contribute to pathogen clearance, but this might be at the
expense of uncontrolled inflammation [33]. This role in immune sur-
veillance against viruses is partly based on their capacity to mature
dendritic cells (DCs) and subsequently activate potent cytotoxic NK cells
and CDS8 + T cells [34]. The natural role of NKT cells has been examined
during experimental influenza infection [35]. NKT deficiency resulted in
worse inflammation, albeit through different mechanisms according to
experimental conditions [36-39]. As suggest by De Santo et al. [37],
using a HIN1 strain the increased pathology observed in NKT-deficient
animals was due to an enhanced virus spread. The authors proposed that
NKT cells control influenza A virus (IAV) replication by blunting the
immunosuppressive activity of myeloid-derived suppressive cells, a
population that prevents specific CD8+ T-cell response.

In COVID-19 subjects we observed significantly higher PMN/T ratio
and percentage of CD3 + CD8-CD28-CD57+ cells as well as significantly
lower percentages of total T cells and CD3 + CD8- cells compared to
HDs. Stratifying COVID-19 subjects according to the severity of the
disease, we observed a significantly higher PMN/T ratio and a signifi-
cantly lower percentage of T cells in the severe group compared to the
non-severe one underlining that the increase of neutrophil/lymphocytes
ratio and lymphopenia are potential risk factors for severity of COVID-
19 pneumonia. Interestingly, in the severe group beside a significantly
lower percentage of CD3 + CD8+- cells we found a higher percentage of
CD3 + CD8 + CD28-CD57+ cells compared to the non-severe one,
although not statistically significant. However, this finding suggests a
higher functional exhaustion of this subset as already shown by other
authors [13].

In a multiple linear regression analysis adjusted for gender and ages,
the higher PMN/T ratio and CD56dim NK cell percentage as well as the
lower percentage of T cells, CD56bright NK cells and NKT cells resulted
independently associated to COVID-19 pneumonia.

Furthermore, a multivariate analysis regression identified the high
PMN/T ratio and the low percentages of total T cells, CD3 + CD8-+ cells
and NKT cells independently associated to the severity of the disease,
excluding confounding factors as gender, age and presence of
comorbidities.

Finally, a negative correlation between P/F ratio and PMN/T ratio
while a positive correlation between P/F ratio and T cell percentages
were found, highlighting the important role of T cells in COVID-19
progression. Intriguingly, among all cell subsets investigated in our
study, only NKT cells resulted positively correlated to P/F ratio.

The major limitation of this study is the sample size relatively small,
and most patients included in this study had non-severe COVID-19
pneumonia. However, we believe that these preliminary data could
stimulate additional researches on larger cohorts of patients with
COVID-19 pneumonia to elucidate lymphocyte subsets in the immuno-
logical mechanisms of COVID-19.

In summary, the present study showed a reduction of regulatory cell
subsets in peripheral blood of patients with COVID-19 pneumonia sug-
gesting that these subsets may play a crucial role in the COVID-19
pneumonia. Specifically, the reduction of CD56bright NK and NKT
cells observed in COVID-19 subjects may be explained by their potential
recruitment into infected tissues (i.e. lung) leading to an exaggerated or
not controlled immune responses. Finally, the independent association
between the severe COVID-19 pneumonia and low percentage of NKT
cells as well as the positive correlation between NKT cells and P/F ratio
that we found suggest a potential role of this subset as biomarker of the
severity of the disease. Large-scale multicenter researches are needed to
confirm our hypothesis.
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