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1 | INTRODUCTION

SARS-CoV-2 virus, which originated from Wuhan, China in December
2019, is a positive-sense, single-stranded RNA virus, that has led to a
worldwide pandemic (Lu et al., 2020; Modrow et al., 2013). The
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Abstract

Background: A better understanding of innate and adaptive cells in COVID-19 is nec-
essary for the development of effective treatment methods and vaccines.

Methods: We studied phenotypic features of innate and adaptive immune cells, oxi-
dative burst, phagocytosis, and apoptosis. One hundred and three patients with
COVID-19 were grouped according to their clinical features into the categories of
mild (35%), moderate (40.8%), and severe (24.3%).

Results: Monocytes were CD16" pro-inflammatory monocytes and tended to shed
their HLA-DR, especially in severe cases (p < 0.01). Neutrophils were mature and
functional, although a decline of their CD10 and CD16 was observed (p < 0.01). No
defect was found in the reactive oxygen species production and their apoptosis. The
percentage of natural killer cells was in the normal range, whereas the percentages of
CD8'NK and CD56*T lymphocytes were found to be high (p < 0.01). Although the
absolute numbers of all lymphocyte subsets were low and showed a tendency for a
gradual decrease in accordance with the disease progression, the most decreased
absolute number was that of B lymphocytes, followed by CD4" T cells in the severe
cases. The percentages of double-negative T cells; HLA-DR"CD3" and CD28 CD8*
subsets were found to be significantly increased. Importantly, we demonstrated the
increased baseline activation of caspase-3 and increased lymphocyte apoptosis.
Conclusion: We suggest that SARS-CoV-2 primarily affects the lymphocytes and not
the innate cells. The increased baseline activation of Caspase-3 could make the
COVID-19 lymphocytes more vulnerable to cell death. Therefore, this may interrupt
the crosstalk between the adaptive and innate immune systems.
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disease caused by the virus was officially named as the Coronavirus
Disease 2019 (COVID-19) by the World Health Organization on
February 11, 2020. The first identified route of SARS-Cov-2 uptake
into the cell was found to be through the ACE-2 receptors (Shang
et al., 2020; Wang, Zhang, et al., 2020). Although it has been observed
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that the virus predominantly attacks the lungs causing pneumonia;
other organ involvement is also possible, especially since the ACE-2
receptor is commonly found in the human body (Palasca et al., 2018).
Indeed, past clinical experiences, since the inception of the pandemic,
have shown that COVID-19 affects other organs and tissues as well
(Xydakis et al., 2020). SARS-CoV-2 belonging to the Coronavirus fam-
ily has similarities with the Middle East Respiratory Syndrome (MERS)
and Severe Acute Respiratory Syndrome (SARS) viruses in the context
of ACE-2 receptor binding. However, it has been shown that SARS-
Cov-2 has a higher virulence and stronger attachment to the ACE-2
receptor (Shang et al., 2020).

COVID-19 disease progression can be mild (81%), moderate (14%),
and severe (5%) according to its pulmonary involvement and multiple
organ failure (Wu & McGoogan, 2020). The current data shows that
the recent mortality rate of COVID-19 has increased up to 6.3%;
although it varies with age, gender, occupational group, and presence
of comorbidities such as diabetes and hypertension (Coronavirus dis-
ease 2019, 2020; Li, Guan, et al., 2020; Targher et al., 2020).

First-line of defense against intracellular invaders starts with
innate immune cells, including monocytes, macrophages, and neutro-
phils. Activation of monocytes, macrophages, bystanders, and bridging
dendritic cells by pattern recognition receptors, results in the release
of the pro-inflammatory cytokines such as IL-1, IL-18, IL-33, and IL-6.
These cytokines activate the natural killer (NK) cells. NK activation is
critical for viral defense due to their cellular cytotoxic function and
their cytokine release in the particular interferon-gamma that acti-
vates both B and T cells (Paul, 2013). Adaptive activation is a require-
ment for eliminating the invaders, constructing a proper immune
memory, and also for limiting innate activation. Studies with T cell-
deficient or RAG-1 deficient mice demonstrated that the lack of lym-
phocytes resulted in a cytokine storm syndrome and death (Kim et al.,
2007). The crosstalk between the innate and adaptive immune sys-
tems constitutes our entire immune system, but every fine-tuned
interaction could be a new target point for the various strategies of
the virus to escape an immune attack.

The vicious circle of cytokine storm syndrome and hyper-
inflammation seen in COVID-19, causes the rapid deterioration of the
patients' condition, as well as the increase in the mortality rate due to
respiratory failure (Mehta et al., 2020; Ulhag & Soraya, 2020). Studies
have shown that SARS-COV2 uses strategies to inhibit the interferon
signaling pathway. Thus, it can be interpreted that it suppresses adap-
tive activation (Park & Iwasaki, 2020).

Although the knowledge of immune pathogenesis of the disease

is very limited, lymphopenia, the change of neutrophil/lymphocyte

TABLE 1 Demographic and clinical features of study groups

Age
mean * SD (range)
Patients with COVID-19 (n = 103) 53.9 + 15 (25-88)

Healthy controls (n = 100) 47.8 + 11 (29-72)
p >0.05
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ratio in favor of neutrophils, as well as the increased level of LDH,
CRP, and ferritin seems to vary in proportion with the severity of
the disease. These parameters are used in the follow-up of the dis-
ease (Wang, Hou, et al., 2020; Yan et al., 2020). In the autopsies of
individuals who died due to COVID-19, neutrophils, monocyte/
macrophage infiltration, as well as a few helper T cells were
detected in their lungs (Li, Jiang, et al., 2020; Yao et al., 2020). It is
noteworthy that NK and CD8+ cytotoxic T cells, which are the pri-
mary fighters against viral infection, were not present in the lungs.
Considering lymphopenia, it brings the suspicion that the SARS-
CoV-2 virus may attach to other surfaces and cytoplasmic molecules
other than ACE-2, and may also target the lymphoid system apopto-
sis similar to the SARS-CoV virus 7a protein, which induces apopto-
sis by competing to bind anti-apoptotic member of the Bcl-2 family,
Bcl-XL (Tan et al., 2007).

Immune profiles of patients with COVID-19 should be examined
to get more information in order to establish more valid immune
hypotheses on this disease (Tan et al., 2007). Indeed, several immune
impairments such as a low number of CD4*", CD8" T lymphocytes,
NK cells as well as B lymphocytes have already been shown
(Giamarellos-Bourboulis et al., 2020; Qin et al., 2020; Saksena &
Chattopadhyay, 2021). The functions of T lymphocytes measured by
interferon-y release following stimulation have been found to be in
the normal range (Qin et al., 2020). In this cross-sectional study, we
aimed to investigate the peripheral innate and adaptive cells, burst
and phagocytosis functions of monocyte and neutrophils, and lympho-
cyte apoptosis of patients with COVID-19 in various disease courses.

Delineation of the phenotypic and functional impairments created
by the SARS-CoV-2 virus in the cells of innate and adaptive immune
systems will help to better recognize the virus and to develop effec-
tive treatment and prevention strategies.

2 | PATIENTS AND METHODS

2.1 | Patients

A total of 103 COVID-19 patients with various symptoms, who
applied to Istanbul Memorial Sisli Hospital and Marmara University
Pendik Training and Research Hospital, were included in the study
(52 females, and 51 males with the mean age of 53.9 + 15 [25-88]).
The demographic features of the study groups have been given in
Table 1. COVID-19 RT-PCR positivity was the inclusion criterion for
the study. The outpatient group and a group of patients with mild CT

Gender

(female/male) Presence of chronic disease
52F/51M +52.4% (n = 54)?
53F/47M -

>0.05

2Hypertension: 16.5% (n = 17); diabetes mellitus: 14.6% (n = 15); ischemic cardiac disease: 4.9% (n = 5); other: 23.3% (n = 24; a plethora of diseases such
as Behcet's disease, psoriasis, chronic kidney disease, asthma, sarcoidosis, chronic lung disease).
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TABLE 2 Clinical classification of the

CLINICAL CYTOMETRY RV BV

patients n (%) PCR CcT O, saturation Lymphocytes (%)
Mild 36 (35%) + —/+ >90% >20 %
Moderate 42 (40.8%) + + >90% 20%>L>15%
Severe 25 (24.3%) + ++ <90% <15%

findings were classified together as the “mild group” (n = 36; 35%);
patients with more common CT involvement, but with oxygen satura-
tion above 90% were classified as the “moderate group” (n = 42;
40.8%); patients with diffuse lung involvement along with oxygen sat-
uration below 90% were grouped as the “severe group” (n = 25;
24.3%; Table 2). The mean hospitalization time for the latter two
groups was 8 + 8.5 days (range: 1-51). The study was approved by
Ethics (no:08.05.2020/
09.2020.541). Informed consent was obtained from the participants

the Marmara University, Committee

before the study.

22 | Controls

One-hundred historical control subjects matched by age (47.8 + 11
[29-74]) and gender (53 females, 47 males) were included in the study
(Table 1). The raw flow cytometric data from healthy controls that
have been previously tested for the routine laboratory norm studies
and the samples that have been used as controls in previous studies
were used. White blood cells (WBC) of historic controls had been
assessed with the same method mentioned below.

2.3 | Isolation of WBC and immunophenotyping

Peripheral blood-WBC of all participants was isolated from their
hemogram tubes with EDTA taken for their routine tests by using an
erythrocyte lysing solution (ELS: 155 mM NH4Cl; 10 mM KHCOg;
0.1 mM EDTA; pH: 7.3). The following combinations with fluoro-
chrome labeled monoclonal antibodies (mAb) and isotype-matched
controls were used for two-three-four colors phenotypic analysis:
(1) CD3 FITC/CD8 PE/CD45 PerCP/CD4 APC and/or CD4 FITC/
CD8 PE/CD3 PERCP/CD56 APC and/or CD3 FITC/CD16 PE
+ CD56 PE/CD4 PerCP/CD8 APC; (2) CD45 FITC/HLA-DR PE/CD19
PerCP/CD20 APC; (3) CD16 FITC/CD10 PE; (4) CD3 FITC/HLA-DR
PE/CD56 APC; (5) CD4 FITC/CD69 PE/CD3 PerCP (6) CD8 FITC/
CD69 PE/CD3 PerCP; (7) CD8 FITC/CD28 PE; (8) CD20 FITC/CD19
PE/CD138 APC; (Becton&Dickinson Inc, San Jose, CA, USA). Follow-
ing the incubation of cells with antibodies for 20 minutes at room
temperature in the dark, the cells were washed with phosphate-
buffered saline (PBS) and were immediately acquired, and subse-
quently analyzed using CellQuest software on a FACSCalibur flow
cytometer (Becton Dickinson Inc, San Jose, CA, USA) similar to the
control samples that had been previously tested. Multiple gating strat-
egies were applied. Debris was excluded by using a gate that included
all WBC in the forward and side scatter plot or by using CD45/SSC

plot where CD45 labeling was available. Lymphocytes, monocytes,
and neutrophils were regated according to their forward and side
scatter characteristics, and their specific CD markers within the first
WBC gate such as 100% HLA-DR expression for monocytes.
Populations were evaluated as a percentage and mean fluorescence
intensity (MFI), which is a relative indicator of the number of mole-

cules per unit cell.

24 |
subsets

Calculation of the absolute number of

The absolute numbers of subsets were calculated with a simple excel
formula using lymphocyte numbers and ratios obtained from simulta-

neously tested hemograms of patients and controls.

2.5 | Oxidative burst and phagocytosis

Heparinized blood samples from 13 patients in the moderate clinical
course and five healthy controls were tested for oxidative burst
(OB) and phagocytosis functions of their neutrophils and mono-
cytes, according to the manufacturer's instructions (PhagoBurst
Test [CE/IVD], Becton Dickinson Inc, San Jose, CA, USA). The sam-
ples from patients and controls were simultaneously tested. Briefly,
100 pl of heparinized whole blood per each test was stimulated with
(a) phorbol 12-myristate 13-acetate (PMA); and (b) unlabeled
opsonized bacteria. An unstimulated sample tube (c) was used as a
negative control. Tubes were incubated for exactly 10 min at 37°C
in a preheated water bath. The incubation time and temperature
were strictly monitored. Dihydrorhodamine (DHR) 123 as a fluo-
rogenic substrate was added into all the tubes and incubated for an
additional 10 min under the same conditions. Then, samples were
lysed by ELS and washed with PBS; a DNA binding reagent provided
by the manufacturer was added into tubes and then immediately
acquired by flow cytometry. DNA binding reagent was used for live
gating in accordance with the instructions. The results were evalu-
ated according to the percentages given by the manufacturer's

instructions.

2.6 | Apoptosis and cell death

WBCs from 13 patients with a moderate clinical course and five
healthy controls were isolated from heparinized blood samples by
using ELS. Briefly, the cells (1 x 10°/ml) were resuspended in PBS
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containing 5% fetal bovine serum (FBS), and one tube was stimu-
lated for apoptosis using 100 ng/ml of PMA at 37°C for 1 h, while
other was incubated at the same temperature without stimulation,
as a control. Then, 9 mM Phi-Philux.G1D2 was added to the tubes,
and then the samples were incubated for an additional 1 h under
the same conditions. Following the incubation, Pl (20 mg/ml in PBS)
was added to evaluate cell death simultaneously. Then at least
40,000 cells were
(FACSCalibur, Becton Dickinson Inc) using CellQuest software. Cells

immediately acquired by flow cytometry

only stained with PhiPhilux were evaluated as early apoptosis or
activation; PhiPhilux+PI stained cells as late apoptosis; and cells
stained only with Pl as cell death. The percentages of early, late
apoptosis, and cell death were assessed in lymphocyte, monocyte,
and neutrophil gates. Initial MFI values of PhiPhilux fluorescence in
unstimulated samples that demonstrate the baseline activation sta-

tus of the cells were measured and compared.

2.7 | Statistical analysis
The statistical software package SPSS version 25.0 was used for all

the statistical analyses. Statistical significance of differences
between the groups was calculated by either ANOVA and followed
by Bonferonni test as post-hoc, or by the Kruskal Wallis test
followed by the Mann-Whitney U test as post-hoc when needed.
The p-values given in the text are the p-values obtained from the
post hoc tests. Pearson rank correlation test was used where
needed. Results were given as mean = SD (in 95% confidence inter-
val of mean). The significance of pre-post measurements was calcu-
lated using the Wilcoxon signed ranks test. Values of p < 0.05 were

regarded as significant.

3 | RESULTS

3.1 | The percentages and absolute numbers of
leucocyte groups

WABC counts, and percentages of lymphocytes, monocytes, and neu-

trophils, and their absolute numbers in patients with COVID-19 have

EKSIOGLU-DEMIRALP ET AL.

been summarized in Table 3. There was no difference found in total
WABC numbers between the groups. The lymphocyte percentage was
found to be significantly lower in the moderate (19.2% + 10.8)
and severe (15.1% * 8.9) groups as compared to the mild group
(30% + 11.8; p < 0.01). Absolute lymphocyte count was lower in the
moderate (1060 + 929 cells/pl) and severe group (876 + 676 cells/pl)
compared to the mild group (1486 + 827 cells/pl; p = 0.02). The per-
centage of monocytes was higher in the mild (10.9% + 3.9) COVID-
19 patients compared to moderate (8.1% + 3.8) and severe (9.1% * 4)
patients (p < 0.05); whereas no difference was found the in absolute
monocyte counts. In addition to the increase in the percentages of
neutrophils, the absolute number of neutrophils was found to be sta-
tistically high in the moderate (70.8% + 13; 4485 + 2981 cells/pl) and
severe (74.5% + 10.9; 4300 * 2081 cells/pl) groups versus the mild
group (57.3% + 14; 2988 + 1690 cells/ul; p <0.01). It has been
shown that lymphopenia deepened and granulocytosis increased, as
both percentage and absolute number were proportional to the
severity of the disease in accordance with the literature (Wang, Hou,
et al., 2020).

3.2 | Phenotypic and functional features of innate
immune system cells in COVID-19

Phenotypic features of monocytes, neutrophils, NK and NK-like
innate lymphoid cells (n = 93), and OB, phagocytosis, and apoptosis
of monocyte and neutrophils in a group of patients (n = 13) were

assessed.

3.21 | Pro-inflammatory monocytes with
decreased HLA-DR expression in patients with
COVID-19

As antigen-presenting cells, monocytes constitutively express HLA-
DR. In our study group, the MFI of HLA-DR was 532 + 138 in the
mild; 456.7 + 82 in the moderate; and 413 + 100 in the severe group
(Figure 1a). Although a gradual decrease in MFI values was observed
between the groups, no statistical significance was found. However,

HLA-DR MFI on monocytes from all the patient groups was

Neutrophil

(%)/(cells/ml)

57.3 + 14* (2988 = 1690)*
70.8 + 13 (4485 + 2981)
74.5 + 10.9 (4300 + 2081)

10.9 + 3.9* (532 + 250)
8.1 + 3.8 (449 + 241)
9.1+4 (481 + 333)

TABLE 3 Patients' leucocyte number and percentages in various COVID-19 disease courses
WBC Lymphocytes Monocytes
(cells/mm?3) (%)/(cells/ml) (%)/(cells/ml)
Mild (n = 36) 54+2 30 + 11.8* (1486 + 827)*
Moderate (n = 42) 6.1+33 19.2 + 10.8 (1060 + 929)
Severe (n = 25) 58+27 15.1 8.9 (876 + 676)"
p value NS * p < 0.01; *p = 0.02 *. p < 0.05; NS

*p < 0.01; *p < 0.01

Note: The percentage *(p < 0.01) and absolute numbers #(p = 0.02): of lymphocytes were significantly low in the moderate and severe groups compared to
the mild group. The percentage of monocytes was high in the mild COVID-19 patients compared to moderate and severe patients *(p < 0.05). The
percentage *(p < 0.01), and the absolute number #(p < 0.01) of neutrophils were significantly high in the moderate and severe groups in comparison to the
mild group. Comparisons were analyzed by ANOVA followed by Bonferroni test as post hoc. The results were given as mean values in 95% CI + SD.

Abbreviation: NS, not significant.
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FIGURE 1 Comparisons of phenotypic features of monocytes and neutrophils in patients with COVID-19 and controls (a) MFI values of HLA-
DR on monocytes from COVID-19 patients are significantly different from the controls p < 0.01). (b) The expression of CD16 on monocytes
tended a gradual decrease depending on the disease course (*: p < 0.01 between the mild and severe groups). However, all were significantly high
in comparison to controls (**: p < 0.01). (c) The percentage of CD10 expression on neutrophils is significantly low in severe cases (*: p < 0.01).

(d) MFI values of CD10 on neutrophils in patients with COVID-19 are low compared to controls. (*: p < 0.01) (e) A representative plot showing
gate for neutrophils on FSC versus SSC and a histogram demonstrating CD16 expression on neutrophils from a patient with COVID 19 and
healthy control. (f) CD16 MFI values of neutrophils in patients with COVID-19 are lower in comparison to controls (*: p < 0.01). MFI, mean
fluorescence intensity [Color figure can be viewed at wileyonlinelibrary.com]

significantly lower in comparison to the healthy controls (752 + 352;
p < 0.01; Figure 1a).

Expression of CD16 defines a subgroup known as pro-
inflammatory monocytes (Chimen et al., 2017). We demonstrated
that monocytes of all groups of COVID-19 expressed CD16,
whereas that expression was very low in the healthy control group

(69.2% + 23.2 in the mild; 58.3% + 25.8 in the moderate; 50% + 30
in the severe group of patients versus 8.7% + 6 in controls, p < 0.01
Figure 1b). That difference was also significant between the mild
and severe cases (p = 0.007). Monocytes from patients with
COVID-19 tended to lose their CD16 during the progression of the
disease.
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3.2.2 | Expressions of CD10 and CD16 on
neutrophils from COVID-19 patients

Expression of CD10, and CD16 were measured on neutrophils as the
markers of maturation. The percentage of CD10 was found to be
95.7% £ 4 in the mild; 88% * 18 in the moderate; 74.9% + 29.5 in the
severe group, and 92.8% + 13 in the control group. CD10 expression
was found to be significantly lower in the severe group as compared
to the other groups (p < 0.01; Figure 1c). A consistent decrease in
CD10 MFI has been found in all three groups (267 + 154 in mild
patients, 174.5 + 110 in moderate, 114 + 70 in the severe group), but
the only statistical difference was found when compared to controls
(773 £ 356, p < 0.01; Figure 1d). The mean MFI values for CD16
expression were 623 = 192 in the mild group, 499 + 196 in the mod-
erate group, and 618 + 154 in the severe group versus 1060 + 410 in
the control group. No difference was found between the groups.
However, MFI values of CD16 were lower in all three groups versus
the controls (p < 0.01; Figure 1e,f). The decline of CD10 was corre-
lated with the decline of CD16 on neutrophils in severe cases (r:
0.455; p = 0.01).

3.2.3 | Full competency in ROS production and
phagocytosis of neutrophils and monocytes in
COVID-19

The OB of neutrophils and monocytes is measured as a percentage
value, as the result of the conversion of non-fluorescent
dihydrorhodamine (DHR123) to fluorescent rhodamine 123, oxidized
by the reactive oxygen species (ROS) that were produced by the stim-
ulated cells. The percentage of OB in both monocytes and neutrophils
of COVID-19 patients (n = 13) was greater than 95%, similar to that
of the control group, indicating that there was no defect in the ROS
production of monocytes and neutrophils of COVID-19 patients
(Figure 2). Similar results were obtained from the phagocytosis of
E. coli (>%90 in both monocytes and neutrophils). In addition to the
percentage results, the fold increase was calculated by dividing the

EKSIOGLU-DEMIRALP ET AL.

MFI values from each stimulated sample to samples' own initial MFls.
The fold increase in ROS production in the OB experiments was not
different between the patients and the controls (2.3 + 0.2 fold for
neutrophils OB; 2.1 + 0.1 fold for monocyte OB in both groups).

3.24 | Apoptosis of monocytes and neutrophils

No difference has been found in the early and late apoptosis of mono-
cytes and neutrophils between the patients with COVID-19 and the
controls (n = 13).

3.3 | NKcells

As the bridging cells between innate and adaptive immune systems, the
percentage and absolute numbers of NK cells (CD3 CD16"CD56")
were analyzed (Table 4, Figure 3a). No statistical difference was found
among the percentages. In all groups, the absolute number of NK cells
was found to be approximately 50% lower compared to the control
group (187 + 132 in the mild; 176 + 140 cells/pl in the moderate; 178
+ 222 cells/pl in the severe group of patients versus 389 + 296 cells/ul
in controls, p = 0.024, Table 4).

3.3.1 | Increased CD8" NK cell subset in

CoVvID-19

It was noticed that the CD3 CD8™ cell subset increased in COVID-
19 patients, and this subset was CD56" as well (Figure 3b). There-
fore, it was considered that killer NK cells may increase in COVID-
19. CD8 expression was then calculated on CD56 + CD3-gated
cells in all patient groups and controls to identify the CD8+ NK cell
subset. This was 29.6% +19 in the control group, 44% + 17 in the
mild; 37% + 15 in the moderate, and 39% + 23 in the severe group
(p < 0.001 in comparison to control; Figure 3c). There was no differ-
ence between the groups. Thus, we demonstrated the increased

“1@ (b)

SSC-Height
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:
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FIGURE 2 A representative figure for neutrophil and monocyte oxidative burst in a patient with COVID-19. (a) Neutrophils (N) and monocytes
(M) were gated on forward versus side scatter plot (b) neutrophil oxidative burst as DHR123 fluorescence (us: Unstimulated; PMA stimulated)
(c) monocyte oxidative burst as DHR123 fluorescence (us: Unstimulated; PMA stimulated) [Color figure can be viewed at wileyonlinelibrary.com]
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TABLE 4 Percentages and absolute numbers of the main lymphocyte subsets in various stages of patients with COVID-19 and the controls
COVID-19
Mild Moderate Severe Healthy controls
(n = 36) (n=42) (n = 25) (n = 100) p
B cells (%) 6+5 6.7 +6.6 76 10.8 £ 3.6* *:p = 0.001
CD19" cells/pl 94 + 87 96 + 246 60 * 59 310 + 242
(range in 95% Cl) (64-124) (18-170) (36-85) (71-549)* #p=0016
NK cells (%) 134 + 6.6 17.7 + 11 18 £ 10 127+ 9 NS
CD3-CD16"CD56" cells/l 187 + 132 176 + 140 178 + 222 389 + 296
(range in 95% Cl) (142-232) (131-220) (86-269) (98-680)* *:p=0.024
T cells (%) 74 £ 11** 67 £ 15 60.7 + 14.6* 64.2 +12.8** **: p =0.002
CD3"CD16CD56  cells/pl 1186 + 603 701 £ 531 551 423 1835 + 1209
(range in 95% Cl) (975-1396)* (535-866)"## (376-726)"### (694-2976)H##i# HkdE 1 < 0,01
T helper (%) 425+ 10 40.9 + 14.2 359 +14.6 414 +11 NS
CD3"CD4" cells/pl 714 + 396 441 + 364 329 £ 269 1203 + 846
(range in 95% Cl) (576-852)* (326-556)** (219-440)*** (386-2020)**** *1p=0.019, ****:p < 0.01
T cytotoxic (%) 292 +11** 241+ 10 225+ 115" 22.9 + 8** *:p <0.025, **: p < 0.01
CD3"CD8" cells/pl 445 + 247 243 + 183 200 + 201 550 + 369
(range in 95% Cl) (359-531)* (186-301)** (117-283)*** (200-900)**** e p < 0.01

Note: Comparisons were analyzed by ANOVA followed by Bonferroni test as post hoc. The results were given as mean values in 95% CI + SD. One *or #

* H#it#

indicates one significance, ** or *#: two different significance; *** or indicates the presence of three different significance asa result of post hoc test.

Abbreviation: NS, not significant.

CD8" NK cells (CD3"CD8"CD56") in patients with COVID-19
(b < 0.001).

3.4 | Phenotypic features of adaptive immune
system cells in COVID-19

A representative figure for flow cytometric evaluation of lymphocyte
subsets is shown in Figure 3d-f. All percentages and the absolute

numbers of lymphocyte subsets are given in Table 4.

3.4.1 | The percentage and the absolute number of
B lymphocytes were extremely low in all groups of
COVID-19 patients

Initially, the percentage of B lymphocytes was tested together with
both CD19 and CD20 markers in 1/3 of the patients. No difference
was observed, and the study was continued only with CD19. The per-
centage of B lymphocytes (CD19+) was lower in all the COVID-19
patients compared to controls (6% + 5 in the mild, 6.7% + 6.6 in the
moderate, 7% + %6 in the severe group, and 10.8% * 3.6 in the con-
trol group; p = 0.001, Figure 3d, Table 4). The absolute number of B
lymphocytes was remarkably decreased in the patients with COVID-
19 (94 + 87 cells/pl in the mild, 96 + 246 cells/ul in the moderate, 60
+ 59 cells/pl in the severe groups of patients versus 310 + 242 cells/
ul, in the control group; p = 0.016, Table 4). In the severe group, the
number of B lymphocytes decreased to approximately one-fifth of the
values in the control group. CD19 and CD138 were stained together

in a few patients considering that the reason for extreme reduction
may be the result of plasma cell differentiation. However, no

CD138-positive plasmablast was found in the periphery.

3.4.2 | The absolute number of T cells gradually
decreased according to the severity of the disease

A significant increase in the percentages of T cells
(CD3*CD16 CD567) was found in the mild group of patients with
COVID-19 (74% + 11 in the mild, 67% + 15 in the moderate, 60.7%
+14.6 in the severe group vs. 64.2% + 12.8 in the control group;
p = 0.002, Table 4, Figure 3a). The absolute number of T cells was in
the normal range only in the mild group (1186 + 603 cells/pl), whereas
this value was found to be decreased in both moderate (701
+ 531 cells/pl) and severe groups (551 + 423 cells/pl) versus controls
(1835 + 1209 cells/pl; p < 0.01, Table 4).

34.3 | No difference was found in the percentage
of T helper cells, but their number sharply decreased in
the moderate and severe groups

The percentage of CD3"CD4" T cells of lymphocytes was not different
among the groups (Table 4, Figure 3e). The absolute number of
CD3"CD4" T cells was significantly reduced in moderate and severe
cases (714 + 396 cells/pl in the mild, 441 + 364 cells/ul in the moderate,
329 + 269 cells/pl in the severe group vs. 1203 * 846 cells/pl in the
control group; p = 0.019; p < 0.01, respectively Table 4).
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FIGURE 3 CD8" NK cells and the main lymphocyte subsets in COVID-19: (a) representative plots demonstrating NK (CD3~CD16"CD56™")
and T (CD3"CD16 CD567) cells in a COVID-19 case and a control. (b) CD3CD8™ cells were gated and when this gate was applied on CD8
versus CD56 plot, it was noticed that all CD3~CD8™ cells were CD56 positive. This group was thought to be as a subset of NK cells. (c) CD8+
NK cells: The percentage of CD8 was calculated as the percentage within CD3-CD56" cells. This was significantly high in all COVID-19 cases in
comparison to control (*: p < 0.01). (d) Representative histograms for CD19" B cells from a patient with COVID-19 and a control.

(e) Representative plots for T helper (CD31CD4") and (f) T cytotoxic/suppressor cells (CD37CD8™") from a patient with COVID-19 and a control.
NK, natural killer [Color figure can be viewed at wileyonlinelibrary.com]

3.44 | The number of T cytotoxic/suppressor cells moderate, 200 + 201 cells/pl in the severe group vs. 550 + 369 cells/
decreased with the disease severity ul in the control group; p < 0.01, Table 4).
No difference has been found in the ratio of CD4/CD8.
The percentage of CD3 4+ CD8+ cytotoxic/suppressor T cells was
found to be elevated in the mild group as compared to the patients in
the severe group (29.2% + 11 in the mild, 24.1% + 10 in the moder- 34.5 | Activated CD4" and CD8" T cells in
ate, 22.5% + 11.5 in the severe group; p = 0.025) and the control COVID-19
group (22.9% + 8; p < 0.01; Table 4, Figure 3f). The absolute number
of CD3 + CD8+ T cells was decreased in the moderate and severe CD69 expression on T lymphocytes without any stimulation demon-
groups (445 + 247 cells/pl in the mild, 243 + 183 cells/pl in the strated an increased baseline activation in COVID-19. In the severe
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group, a significant increase has been found in the expression of CD8"CD69™" T cells was significantly increased in the severe group
CD69 on CD4* in comparison to the mild group (9.4% +6.8 and 3.7% (45% +34.5) in comparison to the mild group (13.3% +12.4; *

+4.9 respectively; p <0.01; Figure 4ab). The percentage of p = 0.01; Figure 4c,d).
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FIGURE 4 Expression of CD69 on CD4" and CD8™ T cells and, increased CD56™ T cells in COVID-19 (a and c) representative CDé9 versus
CD4 and CD8 graphs gated on CD3 plots demonstrating increased CD69 expression on T lymphocytes from a patient with a severe course of
COVID-19. The percentage of CD69 was calculated as the percentage within CD3"CD4" and CD3"CD8" gated cells (n = 67). (b) The
percentage of CD69 on CD4" T cells was significantly high in the severe patients (n = 13; 9.4% +6.8) in comparison to the mild (n = 28; 3.7%
+4.9) and moderate patients (n = 26; 3.6% +4; *: p < 0.01). (d) The percentage of CD8TCD69™ T cells was significantly increased in the severe
group (n = 17; 45% +34.5) compared to the mild group (n = 30; 13.3% +12.4; *: p = 0.01). (e) Representative CD3 versus CD56 plots
demonstrating increased CD56™ T cells from a patient with COVID-19 versus a control. (f) The percentage of CD3"CD56" T cells was
significantly high in patients with COVID-19. This was 6.7% +4.3 in COVID-19 cases (n = 47) whereas it was 1.9% *2 in control cases (n = 45).
*: p < 0.01 [Color figure can be viewed at wileyonlinelibrary.com]
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34.6 | Anincreasein CD56" T cells (CD31CD56™)
in patients with COVID-19

3.4.7 | Other lymphocyte subsets in COVID-19

It has been suggested that CD3"CD4 CD8™ double-negative T cells
CD3"CD56" T cells represent a group of T cells that are cytotoxic to are suppressive T cells (Voelkl et al., 2011). We have found a signifi-
tumors and pathogens (Gianchecchi et al., 2018; Meraviglia et al,, cant increase in the percentage of CD3"CD4 CD8" cell subset in
2011). The percentage of CD3"CD56" population was found to be
high in COVID-19 patients as compared to controls (6.7% +4.3 and

1.9% +2, respectively; p < 0.01, Figure 4ef).

both the moderate and severe groups (p < 0.01; Figure 5a-c). As an
activation-related suppression marker, HLA-DR on T lymphocytes
(CD3" HLA-DR™) was found to be elevated in all COVID-19 patients
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FIGURE 5 T lymphocyte subsets increased in patients with COVID-19. (a) The ratio of double-negative T cells (CD3*CD4 CD8") was
significantly increased in patients with COVID-19 with moderate or severe courses in comparison to the control group (*: p < 0.01).

(b) Representative CD4 versus CD8 plots gated on CD3™ T cells in a patient with COVID-19 and (c) healthy control. The lower left quadrant
indicates CD37CD4 CD8 cells (d) #: p < 0.01: HLA-DR expressing T cells were increased in patients with COVID-19. (e and f) CD3 versus HLA-
DR plots from a patient with COVID-19 and a control. (g) #: p < 0.03: The percentage of CD8"CD28" suppressive phenotype was prominent in
COVID-19 cases. (h and i) CD8 versus CD28 plots in a patient with COVID-19 and a control. The upper left quadrant indicates CD28 negative

CD8" cells [Color figure can be viewed at wileyonlinelibrary.com]
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(p < 0.01; Figure 5d-f). CD8"CD28™ T cells are known as a subset of
regulatory T cells (Liu et al., 2020). The percentage of CD8"CD28™ T
cells were found to be significantly increased in all the groups of
COVID-19 patients (p < 0.03; Figure 5g-i).

3.4.8 | Lymphocyte apoptosis in the periphery
depends on the increased baseline activation of
caspase-3 in patients with COVID-19

Special attention was focused on lymphocyte apoptosis. Lymphocyte
early apoptosis ratio was high in patients with COVID-19 (p = 0.02;
Figure 6a). The percentages of lymphocyte late apoptosis and cell
death were not different between the groups (Figure éb). However,
total cell death, calculated by summing late apoptotic cells and cell
death was significantly high in Covid-19 patients (42% + 14.5
vs. 22.6% + 12.3; p < 0.05; Figure 6a). The fold increase was calcu-
lated by dividing MFIs of PMA stimulated to the unstimulated samples
for each case. COVID-19 patients showed significantly lower fold
increase than controls (2.3 + 1.8 in COVID-19, 6.7 + 4.2 in controls;
p < 0.01; Figure 6b). It was an intriguing question as to how they have
significantly lower stimulation responses, while the percentage of
early apoptosis was significantly higher. We compared initial activa-
tion levels in unstimulated samples from both the controls and

(a)

FIGURE 6 Lymphocyte early, a5 &
late apoptosis, and cell death. 40
(a) Early apoptosis measured by 35

the percentage of Phiphilux
fluorescence was high in patients
with COVID-19 (*: p = 0.02).

30

25

Total cell death as a sum of 20
Phiphilux and PI-positive and PI- 15
only positive cells was elevated in 10
patients with COVID-19 in c ;
comparison to controls (**: 16,6+6.2

p < 0.05). (b) Fold increase in Early apoptosis

Lymphocyte Apoptosis and Cell Death

Late apoptosis
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patients with COVID-19. We found that the initial fluorochrome con-
version for caspase-3 was significantly higher in patients that indi-
cated increased baseline activation of caspase-3 in COVID-19 (17%
+ 8 vs. 6.3% + 4.6; p = 0.01; Figure 6c¢).

4 | DISCUSSION
In our study, we demonstrated that components of the innate immune
system during COVID-19 are well preserved. It has previously been
shown to have reduced OB activity in patients with severe infections
such as HIV and tuberculosis (Dobmeyer et al., 1995; Fiorenza et al.,
2003; Zimmerman & Ringer, 1992). However, we found no defect in
the ROS production and apoptosis in monocytes and neutrophils.
There was a significant decrease in the absolute numbers of all lym-
phocyte subsets, particularly in B cell and CD4" T cells, but also in NK
and CD8" T cells, which are associated with disease severity. CD8"
NK cell subset and CD56" T cells and CD3"HLA-DR* and
CD8'CD28™ T cell subsets were increased in COVID-19 patients.
Moreover, increased lymphocyte apoptosis is demonstrated, which
may be responsible for the development of lymphopenia (summarized
in Figure 7).

The immune response is a complex process that includes first
innate activation followed by adaptive activation, which in turn
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controls the innate system in order not to harm its own cells with
sustained reactions. Therefore, a proper immune response against
microorganisms depends on a fine-tuned balance between innate and
adaptive immune systems (Kim et al., 2007; Paul, 2013).

Constitutive expression of HLA-DR on monocytes, which pre-
sents peptides to T cells, is a requirement for the communication
between innate and adaptive systems. The decline of the expression
of HLA-DR on monocytes is generally accepted as a marker of
immune paralysis (Monneret et al., 2006; Quadrini et al., 2021). We
found a decreased expression of HLA-DR on monocytes in all the

clinical courses of COVID-19 patients. The gradual decrease of HLA-
DR expression on monocytes in COVID-19 can be considered as the
gradual exhaustion of monocytes while the disease progresses. How-
ever, we did not have a diseased control group. A recent study
showed that COVID-19 patients exhibited a less pronounced
decrease in HLA-DR expression on monocytes in comparison to bac-
terial septic shock patients (Mehta et al., 2020). On the other hand,
CD16" monocytes are a well-defined group known as non-classical
monocytes considered as pro-inflammatory monocytes (Chimen et al.,
2017). We demonstrated that more than 50% of monocytes were
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CD16" in COVID-19, especially in mild and moderate COVID
19 cases. This might be an indication of the active contribution of
monocytes to inflammation. Paradoxically, this expression was found
to be decreased in very severe cases. This might be a result of the
cytokine storm in severe cases. In their study, Silvin et al. showed that
CD14" CD16" non-classical monocytes disappeared in COVID-19
patients, which is a contradictive result to ours (Silvin et al., 2020).
That contradiction might stem from the different test procedures used
in the studies. We used freshly isolated cells in our study, while Silvin
et al. used frozen-thawed cells. That process might cause the shed-
ding of the aforementioned surface molecules from the monocytes.

Neutrophils have critical roles in acute inflammation. Mature neu-
trophils are CD10 and CD16 positive (Shipp et al., 1991). CD10" neu-
trophils inhibit interferon-y release and help the proliferation of T
lymphocytes (Marini et al, 2017). In our group of patients,
CD10"CD16" mature neutrophils were slightly decreased in the
severe group. Consistent decline in CD16 and CD10 expression on
the surface of neutrophils might be considered as an indicator of an
increase in immature neutrophils and a left shift in severe cases of
COVID-19. Increased immature neutrophils in the severe group may
be a result of increased neutrophil production, supporting no impair-
ment in the myeloid series in COVID-19.

We found a normal percentage of NK in contrast to the previous
studies (Giamarellos-Bourboulis et al., 2020; Qin et al., 2020). A
decrease was observed in the number of NK cells, but this reduction
was not as excessive as in B cells. Further studies on direct cytotoxic-
ity or antibody-mediated cytotoxicity of NK cells will help us to inter-
pret this issue better. We identified a significant increase in CD8" NK
cell subset and CD56™ T cells (CD37CD56") in all the COVID-19
patients. These subsets are known as potent cytotoxic and have a
strong capacity to release IFN-y (Spits et al., 2016). We suggest that
the decreased number of NK cells could be compensated by the
increased number of cytotoxic cells.

We found that the absolute number of B lymphocytes was
extremely reduced. A sufficient amount of immunoglobulin secretion
from plasma cells in COVID-19 with that reduced number of B lym-
phocytes may seem not to be expected. It has already been shown
that there was no peripheral B cell memory in SARS during the 6 years
of follow-up (Tang et al., 2011; Yan et al., 2020). It has previously
been demonstrated that plasmablasts were increased in the peripheral
blood during the viral infection (Wrammert et al., 2012). However, we
demonstrated that no plasmablast had been found in the periphery
during the active infection. Hypothetically, the migration of B lympho-
cytes to the inflammation site might explain this excessive decrease
of B lymphocytes. However, histopathological studies did not support
this hypothesis, as they demonstrated the lack of lymphocytes in the
lymph nodes and the spleen (Chen et al., 2020). Another possibility is
that B lymphocytes may be one of the targets that are directly des-
troyed by SARS-CoV-2. The significant increase in the percentages of
CD3" and CD8" T lymphocytes with their normal absolute numbers
in the mild patients can be considered as a sign of a strong immune
response at the beginning. In the mild group, while the absolute num-

ber of CD4™" T cells is still within normal limits, a decrease in both NK
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and B cell populations suggests that a careful phenotypic follow-up
can be used to predict disease progression. Furthermore, while the
decrease in the absolute numbers of NK and B cells remained the
same throughout the disease progression in all the patient groups, a
sharper decrease in CD4 and CD8 T lymphocytes in the moderate and
severe groups is noteworthy. The sharp decrease in the number of
CD4™" T cells in the severe group almost approaches the decrease in B
lymphocytes.

HLA-DR expression on T lymphocytes has long been known to
down-regulate the activated T cells. CD8"CD28~ T cells represent
another group of regulatory T cells that inhibit CD4" T cell prolifera-
tion (Liu et al.,, 2020). On the other hand, HLA-DR on T cells has been
used for a long time as one of the archetype markers on lymphocytes
(along with CD38) to highlight T-cell activation (Cotner et al., 1983).
We found increased CD3" HLA-DR", CD8" CD28, and
CD3"CD4 CD8™ T cell populations, especially in the moderate and
severe groups. However, we could not demonstrate whether they
have suppressive functions. These increases can be considered as an
increase in regulatory T cell populations that down-regulate the adap-
tive system in COVID-19. However, functional assays are required for
this issue. Another possibility is that the shift in these populations
might be a result of the “over-activation” of the immune system,
which in the end could also lead to a form of immune paralysis.

Our finding concerning increased early apoptotic activation indi-
cates that the virus leads to a process that initiates the caspase 3 acti-
vation in lymphocytes. Indeed, a recent study demonstrated that the
ORF-3a protein of SARS-Cov-2 induced apoptosis (Ren et al., 2020).
We found that Caspase-3 that was already active at the basal level,
accelerates lymphocyte apoptosis in COVID-19. This data can be
interpreted as an indication that SARS-Cov-2 is destructive for periph-
eral lymphocytes. One of the causes of lymphopenia in COVID-19
patients might be the elevated basal caspase-3 activation in lympho-
cytes for an unknown reason.

In our study, we found significant differences in peripheral lym-
phocyte subgroups between COVID patients and healthy controls.
We also described some associations of disease severity and periph-
eral subset analysis. However, when evaluating these findings, it
should be kept in mind that historical control was used as the control
group. Antibodies used for historical controls were purchased from
the same company to use in the study samples. Both the historical
control and patients' samples were tested with the same FACS instru-
ment (FACSCalibur, Becton Dickinson Inc). Also, the same type of
tube (EDTA tubes) was used in both the historical controls and our
samples. For these reasons, we thought that the risk of variability and
bias was minimized, and that historical control could be used with
confidence. This is the main limitation of the study.

This study, in which we examine partially phenotypic and func-
tional characteristics of innate and adaptive immune system cells,
shows that the innate immune system functions are complete and
competent; but the adaptive immune system is not adequate, which
has a low number of half-dead lymphocytes, to combat the viral infec-
tion in COVID-19. We suggest that Sars-Cov2 primarily targets lym-
phocytes, which then might impair the communication between
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innate-adaptive immune systems. In this context, it will be very impor-
tant to focus on additional functional studies related to apoptotic tar-

gets in explaining immune pathogenesis.
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