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Abstract: Cell response to novel coronavirus disease 19 (COVID-19) is currently a widely researched
topic. The assessment of leukocytes population and the maturation of both B and T lymphocytes
may be important in characterizing the immunological profile of COVID-19 patients. The aim of
the present study was to evaluate maturation of B and T cells in COVID-19 patients with interstitial
lesions on chest X-ray (COVID-19 X-ray (+)), without changes on X-ray (COVID-19 X-ray (-)) and in
healthy control. The study group consisted of 23 patients divided on two groups: COVID-19 X-ray (+)
n =14 and COVID-19 X-ray (—) n = 9 and control n = 20. The flow cytometry method was performed.
We observed a significantly higher percentage of plasmablasts and lower CD4+ lymphocytes in
COVID-19 X-ray (+) patients than in COVID-19 X-ray (-) and control. In the COVID-19 X-ray (+)
patients, there was a lower proportion of effector CD4+ T cells, naive CD8+ T cells and higher central
memory CD4+ cells and effector CD8+ T cells than control. The above results showed that the
assessment of selected cells of B and T lymphocytes by flow cytometry can distinguish patients with
COVID-19 and differentiate patients with and without changes on chest X-ray.

Keywords: COVID-19; flow cytometry; B cells maturation; T cells maturation; plasmablasts; CD4+
cells; effector CD8+ cells; central memory CD4+

1. Introduction

The novel coronavirus disease 19 (COVID-19) is caused by a coronavirus, called severe
acute respiratory syndrome coronavirus-2 (SARS-CoV-2) a new strain not previously identified
in humans [1,2]. The infection is usually associated with mild symptoms, ranging from low-grade
fever, dry cough to fatigue and diarrhea, but may be responsible for severe interstitial pneumonia,
myocarditis, acute kidney injury, acute respiratory distress syndrome (ARDS), multiorgan failure and
death. In more severe conditions with dyspnea and respiratory impairment admission to intensive
care unit (ICU) and advanced respiratory assistance are required. The lung represents the most
commonly affected organ. Chest imaging can provide rapid and valuable information in the diagnosis
of COVID-19 pneumonia [3]. As suggested in the recently published World Health Organization
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(WHO) advice guide for the diagnosis and management of COVID-19, chest imaging should be used
for diagnostic purpose in symptomatic patients if real time polymerase chain reaction (RT-PCR) is not
available or its results are delayed, or in case of negative result in the presence of high clinical suspicion
of COVID-19 [4]. Chest X-rays are a useful diagnostic tool for assessing various lung diseases, such as
pneumonia, but interpretation of the images can be challenging and time consuming. Clinicians need
to have other methods which may indicate dysregulation of the immune system in COVID-19 infection.
The pathophysiology of such virus is not yet completely understood [5]. Ongoing research have shown
that pulmonary inflammation in COVID-19 patients is associated with increased plasma levels of
proinflammatory and anti-inflammatory cytokines so-called “cytokine storm” [6-8]. Lymphocytes and
the subsets: CD4+ T cells, CD8+ T cells, B cells, and natural killer (NK) cells play an important role in the
maintenance of immune system function. After virus infection, alteration in total lymphocyte numbers
and the subsets varies with different virus types, indicating a potential association between lymphocyte
subset alteration and viral pathogenic mechanisms [9]. COVID-19 patients have a reduction in absolute
numbers of lymphocytes, including CD4+ and CD8+ T lymphocytes, which display markers related to
activation or exhaustion/senescence, along with altered expression of master regulators and several
chemokine receptors [10-12]. Some research has suggested that the decreased number of mononuclear
cells in the blood may be due to their migration directly to the infected lungs [13]. The differences in
the percentage or absolute number of basic leukocyte subpopulations may be related to the severity of
the disease and manifest themselves only in severe forms of COVID-19 infection [14,15].

Recent studies indicated a clear decrease in peripheral lymphocytes in COVID-19 patients but
specific alteration in the subsets is still unknown. There are large gaps in understanding if T and B cell
response profiling can be used as a prognostic biomarker of disease outcome in COVID-19 patients.
It is known that B cells participate in the antiviral immune response. The generation of functioning B
cells is preceded by the exit of the transitional B lymphocytes from the bone marrow. They migrate to
the peripheral lymphoid organs and eventually develop into naive B cells [16]. Once exposed to an
antigen, the naive B cells either become memory B cells (classical class-switched memory B cells and
natural non-switched subsets) or plasmablasts that secrete antibodies upon T cell-mediated [17].

T cells development, of both CD4+ and CD8+, takes place in the thymus, from where recent
thymic emigrants cells (RTE) exit and home to secondary lymphoid organs (spleen and lymph nodes).
Maturation of RTE results in the generation of mature naive T cells which after contact with the
antigen, transform into effector and central memory cells [18,19]. Effector T lymphocytes eliminate
virus-infected cells while the central memory cells are activated after another antigens contact and
become effector memory or central memory cells [20]. Mature CD4+ cells mainly play a role in
the activation, proliferation and differentiation of CD8+ cytotoxic T lymphocytes and stimulation B
lymphocytes to specific antibody formation. The main task of the T CD8+ cells is the elimination of
viruses infected cells [21]. Moreover, little is known about these cells” subpopulation contribution in
specific immune response of patients with COVID-19.

In this study, we aimed to characterize peripheral lymphocyte subsets alteration mainly maturation
Band T cells in COVID-19, which might help elucidate the pathogenesis and develop novel biomarkers
and therapeutic strategies for COVID-19 infection.



Cells 2020, 9, 2615 30f16

2. Materials and Methods

2.1. Study Participants

Twenty three patients with SARS-CoV-2 were defined as positive from RT-PCR assay from nasal
and pharyngeal swab specimens according to the WHO guidelines. Patients COVID-19+ were recruited
from 10 May to 30 September 2020 at Military Institute of Medicine, at the Department of Infectious
Diseases and Allergology.

There were 8 women and 15 men; mean age: 55.3 + 19.1 years. Based on radiological interstitial
lesions on chest X-ray patients were classified into two groups. Group one included 9 patients
without any changes on chest X-ray (COVID-19 X-ray (-)), with stable lung parameters, with no
oxygen supplementation or ventilation. Second group were 14 patients with interstitial densities
in the lungs (COVID-19 X-ray (+)) without signs of pulmonary congestion, no fluid in the pleural
cavities. Seven of them required oxygen ventilation and 3 required invasive ventilation (Table 1).
The twenty age-matched healthy individuals were used as control group: 15 female, 5 male mean ages:
54.9 +10.1 years. Clinical characteristics of all COVID-19 patients were presented in Table 1.

Table 1. Patients’ characteristics.

Chest X-ray Oxygen Invasive
b Age M Symptoms PEMC Changes Suplementation Ventilation ¢
Fever, dyspnea, diarrhea,
1 80 m fatigue yes yes no no yes
Fever, cough, dyspnea,
2 78 f fatigue yes yes yes no yes
3 69 m Fever, fatigue yes yes yes yes yes
4 63 m Fever yes yes yes no yes
5 42 m Fatigue no no no no yes
6 39 f Fatigue no no no no yes
7 44 m Fever, cough, dyspnea yes yes no no yes
Fever, cough, dyspnea,
8 37 f diarthea yes yes no no yes
9 74 m Fever, cough, dyspnea yes yes yes yes yes
10 35 f Fever, cough, dyspnea, no no no no yes
fatigue
11 57 m Fever, cough, dyspnea no yes no no yes
12 78 f Fever, cough yes no no no yes
13 39 f Fatigue yes no no no yes
Fever, cough, dyspnea,
14 72 m diarrhes, fatigue yes yes yes no yes
15 28 m Fever, Cough’ dyspnea, no yes no no yes
fatigue
16 63 m Fever, cough yes yes no no yes
17 43 m Fatigue yes no no no yes
18 3 m Fever, cough, diarrhea, no no no no yes
fatigue
Fever, cough, dyspnea,
19 80 m fatigue yes yes yes yes no
Fever, cough, dyspnea,
20 67 f fatigue no yes yes no yes
Fever, cough, dyspnea,
21 72 m diarrhes, fatigue no yes no no yes
Fever, cough, dyspnea,
22 47 f diarrhea, fatigue no no no no yes
23 34 m Fever, cough, dyspnea, no no no no yes

diarrhea, fatigue

Abbreviations: C: Convalescent, f: Female; m: Male; and PEMC: Pre-existing medical conditions.

Peripheral blood (PB) samples were collected from all COVID-19 patients 2448 h after first
examination and before administration of any antiviral and/or immunosuppressive drug, and from
healthy individuals. The routine test of white blood cells count (WBC) was performed using a
hematological analyzer Sysmex XN-1500 (Sysmex Corp., Kobe, Japan). The study was performed in
accordance with Military Institute of Medicine Ethics Committee (number: 47/WIM/2020).
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2.2. Flow Cytometry

Leukocytes and lymphocytes subset were performed by multiparameter flow cytometry method
with panel of monoclonal antibodies using FACS Canto II BD flow cytometry (Becton Dickinson,
Franklin Lakes, NJ, USA). For surface markers detection on leukocytes and lymphocytes T, B and NK
subset cells were stained with fluorescently labelled antibodies: CD4-FITC (catalog number: 345768,
clone number: SK3), CD56-PE (catalog number: 345810, clone number: MY31), CD3-PerCP-Cy5.5
(catalog number: 332771, clone number: SK7), CD19-PE-Cy7 (catalog number: 341113, clone number:
SJ25C1), CD8-APC (catalog number: 345775, clone number: SK1), CD16-APC-H7 (catalog number:
560195, clone number: 3G8), HLA-DR-V450 (catalog number: 655874, clone number: [243) and
CD45-V500 (catalog number: 655873, clone number: 2D1), (BD Bioscience).

To evaluate the lymphocyte B cells maturation were used following antibodies: CD19-FITC
(catalog number: 363007, clone number: SJ25C1), IgD-PE (catalog number: 555779, clone number: -),
CD27-PerCP-Cy5.5 (catalog number: 656643, clone number: L128), IgM-APC (catalog number: 551062,
clone number: -), CD38-APCH?Y (catalog number: 656646, clone number: HB7) and CD45-V500 (catalog
number: 655873, clone number: 2D1), (BD Bioscience). We distinguished the following subpopulations
in B-cell maturation [20,22].

e  Transitional B cells: IgM++ IgD++ CD38++ CD27- CD19+ CD45+

e Naive B cells: IgM+ IgD++ CD38+ CD27- CD19+ CD45+

e Non-switched memory B cells (marginal zone-like B cells): IgM++ IgD+ CD38+ CD27+
CD19+ CD45+

e  C(lass switched memory B cells: IgM- IgD- CD38+ CD27+ CD19+ CD45+

e Plasmablasts: IgM-/+ IgD- CD38+++ CD27++ CD19+ CD45+

To evaluate the lymphocyte T CD4+ and CD8+ maturation were used following antibodies:
CD4-FITC (catalog number: 345768, clone number: SK3), CD8-V450 (catalog number: 560347,
clone number: RPA-T8), CD196-PE (catalog number: 551773, clone number: -), CD197-PerCP-Cy5.5
(catalog number: 353220, clone number: G043H7 BioLegend (San Diego, CA, United States),
CD45RO-PE-Cy7 (catalog number: 560608, clone number: UCHL1), CD45RA-APC (catalog number:
550855, clone number: -), CD62L-PE (catalog number: 555544, clone number: -) and CD31-PerCP-Cy5.5
(catalog number: 566563, clone number: WM59) (BD Biosciences). We distinguished the following
subpopulations in T-cell CD4+ or CD8+ maturation [20].

e  Recent thymic emigrants T cells: CD45RA+ CD62L+ CD31+ CD3+ CD45+
e Naive T cells: CD45RA+ CD197+ CD3+ CD45+

e  Effector T cells: CD45RA+ CD197- CD3+ CD45+

e Central memory T cells: CD45RO+ CD197+ CD3+ CD45+

e  Effector memory T cells: CD45RO+ CD197- CD3+ CD45+

Representative B and T lymphocytes maturation gating strategy in COVID-19 patients were
presented in Figure 1; Figure 2.
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Representative B lymphocytes maturation gating strategy in COVID-19 patients.

(A) B lymphocytes gating strategy: FSC-A vs. FSC-H plot: Gating the cells that have an equal
area and height, thus removing clumps (greater FSC-A relative to FSC-H) and debris (very low FSC),
CD45 vs. SSC-A plot: Broad selection of lymphocytes based on their SSC/CD45 properties, CD19 vs.
SSC-A plot: Broad selection of lymphocytes B based on their SSC/CD19 properties. (B) B lymphocytes
maturation gating strategy for each maturation subsets: T1,T2-transitional B cells, N1,N2-naive B
cells, NS1, NS2-non-switched memory B cells, CS1, CS2-class switched memory B cells and PB1,
PB2-plasmablasts. (C) representative plots with all B lymphocytes maturation subsets. CD27 vs. CD38
plot: Broad selection of B lymphocyte maturation subsets based on their CD27/CD38 properties, IgD vs.
IgM plot: Broad selection of B lymphocyte maturation subsets based on their IgD/IgM properties. Plots

show all B lymphocyte maturation subsets: Transitional B cells (red), naive B cells (green), non-switched

memory B cells (orange), class switched memory B cells (purple) and plasmablasts (yellow).
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Figure 2. Representative T lymphocytes maturation gating strategy in coronavirus disease 19
(COVID-19) patients. (A) T lymphocytes gating strategy: FSC-A vs. FSC-H plot: Gating the
cells that have an equal area and height, thus removing clumps (greater FSC-A relative to FSC-H) and
debris (very low FSC), CD45 vs. SSC-A plot: Broad selection of lymphocytes based on their SSC/CD45
properties, CD3 vs. SSC-A plot: Broad selection of lymphocytes T based on their SSC/CD3 properties.
CD4 vs. CDS8 plot: Broad selection of lymphocytes T CD4+ (pink) and CD8+ (blue) based on their
CD4/CDS8 properties. (B) CD4+ T lymphocytes maturation gating strategy for each maturation subsets.
CD62L vs. CD45RA plot and CD45RA vs. CD31: Broad selection of CD4+ T lymphocytes based on
their CD62L/CD45RA and CD45RA vs. CD31 properties and allow select recent thymic emigrants T
CD4+ cells RTE (plot 1: RTE CD4+ and plot 2: RTE CD4+), CD197 vs. CD45RO plot: Broad selection of
CD4+ T lymphocytes based on their CD197/CD45RO properties: naive CD4+ T cells, effector CD4+
T cells, central memory CD4+ T cells and effector memory CD4+ T cells. (C) CD8+ T lymphocytes
maturation gating strategy for each maturation subsets. CD62L vs. CD45RA plot and CD45RA vs.
CD31: Broad selection of CD8+ T lymphocytes based on their CD62L/CD45RA and CD45RA vs. CD31
properties and allow selected recent thymic emigrants T CD8+ cells RTE (plot 1: RTE CD8+ and plot
2: RTE CD8+), CD197 vs. CD45RO plot: Broad selection of CD8+ T lymphocytes based on their
CD197/CD45RO properties: Naive CD8+ T cells, effector CD8+ T cells, central memory CD8+ T cells
and effector memory CD8+ T cells.
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Samples were incubated for 20 min in room temperature. After two washing, cells were analyzed
within 2 h. For each sample, a minimum of 20,000 events were collected. Data were analyzed with
DIVA Analysis software 8.0.1 (BD) and Infinicyt 1.8 Flow Cytometry (Cytognos, Salamanca, Spain).

2.3. Statistical Analysis

All statistical analyses were performed using the Statistica 13.0 software (TIBCO Software,
Palo Alto, CA, USA). A p < 0.05 was considered as statistically significant. The results are expressed as
means and SDs, medians with interquartile range (Q1-Q3). For group comparison the Kruskal-Wallis
with the post-hoc Wilcoxon’s signed rank test were used. Differences were considered statistically
significant when p < 0.05. For graphic processing was used Prism GraphPad (Version 7, GraphPad
Software, La Jolla, CA, USA).

3. Results

To assess the maturation of B and T lymphocytes after SARS-CoV-2 infection, we analyzed the
blood of 23 COVID-19 patients using multi-parameter flow cytometry. The clinical characteristics of
the investigated group were summarized in Table 1. COVID-19 patients were divided into two groups
with interstitial lesions on chest X-ray (n = 14 COVID-19 X-ray (+)) and without changes on X-ray (n
=9 COVID-19 X-ray (-)) and they were compared to healthy group (n = 20). Median proportions
of absolute number of basic leukocytes and lymphocytes subtypes were presented in Table 2 and
the percentages of basic leukocytes and lymphocytes subtypes were shown in in the Appendix A,
Table Al. In the COVID-19 X-ray (+) we noticed a significantly lower median absolute number of
lymphocytes, lymphocytes T including CD4+ T lymphocytes and lymphocytes B than in healthy group.
We did not observed differences in count of lymphocytes between patients with changes on X-ray
and without changes on X-ray. Basophils and eosinophils absolute number were also significantly
lower in COVID-19 X-ray (+) patients than in heathy donors. Taking into account the percentages
of the analyzed basic leukocyte subpopulations, similar statistical significances were observed for: T
lymphocytes, CD4 cells, eosinophils as in the case of the absolute numbers analysis between COVID-19
X-ray (+) patients and heathy donors (Table 2). Additionally, the difference in CD4+ cells median
proportion between COVID-19 X-ray (-) and COVID-19 X-ray (+) was observed (respectively, 23.1%
vs. 8.0%, p = 0.0026). The median percentage of neutrophils was significantly higher in COVID-19
X-ray (+) then in COVID-19 X-ray (—) patients (respectively, 62.9% vs. 37.6%, p = 0.0229).

Table 2. Differences in the median of white blood cells (WBC) count and leukocytes and main
lymphocytes subpopulation counts between healthy patients (A), patients with COVID-19 without
interstitial lesions on chest X-ray ((B): COVID-19 X-ray (—)) and patients with COVID-19 with interstitial
lesions on chest X-ray ((C): COVID-19 X-ray (+)). Data expressed as median (Q1-Q3).

Control Group COVID-19 COVID-19
X-ray (-) X-ray (+) p <0.05* Group *
[k/uel] n=20 n=9 n=14 A-B-CANOVA, P G< 3'055 I,G;‘t’_‘;ll’;c
(A) (B) (© Kruskal-Wallis '™ TOUPs 0
Median (Q1-Q3) Median (Q1-Q3) Median (Q1-Q3)
WBC 6 555 (4930-7535) 4580 (4150-6840) 4515 (3620-6810) 0.1954 -
Lymphocytes 2038 (1839-2934) 1350 (1087-2992) 961 (753-1799) *0.0080 * A-C 0.0056
T Lymphocytes 1677 (1384-2384) 951 (683-2253) 691 (524-1416) *0.0035 * A-C 0.0023
CDA4 cells 978 (756-1560) 619 (533-1210) 319 (239-584) *0.0018 * A-C 0.0012
CDS8 cells 625 (457-791) 313 (225-862) 330 (160-549) 0.0811 -
Ratio CD4/CD$ 1.8 (1.5-2.3) 2.1 (1.4-3.6) 1.3 (0.6-2.4) 0.1582 -
* - * A
B Lymphocytes 216 (190-284) 147 (115-186) 137 (77-238) *0.0056 A Bg'gﬁié A
NK cells 245 (204-447) 299 (170-445) 164 (101-397) 0.4313 -
Neutrophils 3310 (2139-4348) 1722 (1556-2880) 2896 (1611-4465) 0.0511 -
Eosinophils 160 (60-251) 69 (46-178) 45 (0-91) *0.0153 * A-C 0.0155
Basophils 30 (20-54) 27 (14-54) 6 (0-22) *0.0219 * A-C 0.0220
Monocytes 540 (381-690) 336 (280-397) 408 (246-669) 0.1340 -
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3.1. B Cells Maturation

There was higher median proportion of transitional B cells in COVID-19 X-ray (+) patients and
COVID-19 X-ray (—) patients than in healthy control (respectively, 4.6% vs. 3.8% vs. 1.8%, p = 0.0016),
without differences between COVID-19 positive patients with interstitial lesions on chest X-ray and no
interstitial lesions on chest X-ray. In this study we observed significantly lower median proportion
of naive B cells in COVID-19 X-ray (+) patients than in healthy control, without differences between
COVID-19 X-ray (+) patients and COVID-19 X-ray (—) patients (57.0% vs. 55.8% vs. 68.0%, p = 0.0279).
When we analyzed the median proportion of plasmablasts we noticed the highest proportion in
COVID-19 X-ray (+) patients and, respectively, significantly higher in COVID-19 X-ray (+) patients
than in COVID-19 X-ray (-) patients and in healthy control (15.2% vs. 8.1% vs. 1.4%, p < 0.0001).
There were not differences in proportion of non-switched memory B cells and switched memory B

cells between COVID-19 X-ray (+) patients, COVID-19 X-ray (—) patients and healthy control (Figure 3,
Table 3).
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Figure 3. The differences in the median proportion of B lymphocytes maturation subsets: Transitional
B cells, naive B cells, non-switched memory B cells, class switched memory B cells and plasmablasts
between healthy patients (Control), patients with COVID-19 without interstitial lesions on chest X-ray
(COVID-19 X-ray (—)) and with interstitial lesions on chest X-ray (COVID-19 X-ray (+)). Graphs show
the median values and quartile Q1—Q3 (* p < 0.05).

When we analyzed correlation in each group we observed a significantly negative correlation
between plasmablasts and CD4+ cells in COVID-19 X-ray (+) patients (R = —0.73, p < 0.05), without this

correlation in COVID-19 X-ray (—) patients and healthy control. The correlation analyses were presented
in the Appendix A, Figure Al.

3.2. T Cells Maturation

Taking into account the differences between the groups in the maturation of T cells (Figure 4,
Table 3) the median proportion of RTE CD4+ T cells was significantly lower in COVID-19 X-ray
(+) patients than in healthy control, without differences between COVID-19 X-ray (+) patients and
COVID-19 X-ray (-) patients (11.6% vs. 26.8% vs. 31.2%, p = 0.0052). The median proportions of
effector CD4+ T cells were significantly lower in COVID-19 X-ray (+) and COVID-19 X-ray (-) patients
than in healthy control (2.9% vs. 2.8% vs. 33.2%, p < 0.0001). We observed higher median proportion of
central memory CD4+ T cells in COVID-19 X-ray (+) patients than in CD4+ T cells in COVID-19 X-ray
(=) and significantly the lowest in healthy control (respectively, 39.5% vs. 32.2% vs. 1.8%, p < 0.0001).
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The median proportions of effector memory CD4+ T cells and naive CD4+ T cells did not differ between
COVID-19 X-ray (+) patients, COVID-19 X-ray (—) patients and healthy control.

Table 3. Differences in the proportion of B and T lymphocytes maturation between healthy patients (A),
patients with COVID-19 without interstitial lesions on chest X-ray ((B): COVID-19 X-ray (—)) and patients
with COVID-19 with interstitial lesions on chest X-ray ((C): COVID-19 X-ray (+)). Data expressed as
median (Q1-Q3).

Cells Subsets: Control n = 20 COVID-19 X-ray (-) COVID-1_9 X-ray (+) p < 0.05 * Group . )
n=9(B) n=14 A-B-C ANOVA p <0.05* Group, in
[% of Bor T (A) © ’ Groups Post-Hoc

Median (Q1-Q3) Kruskal-Wallis

cells] Median (Q1-Q3) Median (Q1-Q3)
B cells maturation:
* - * -
Transitional B 1.8 (1.4-2.3) 3.8 (3.7-5.8) 4.6 (1.9-7.0) *0.0016 A-B g'ggg‘i AC
Naive B 68.0 (63.5-73.1) 55.8 (54.3-71.7) 57.0 (44.5-65.5) *0.0279 * A-C 0.0298
Non-switched 8.6 (6.9-10.3) 7.5 (5.2-8.7) 6.0 (4.6-8.2) 0.0605
memory
Class switched 17.6 (12.7-22.8) 15.1 (6.4-20.9) 10.4 (5.2-15.7) 0.0627
memory
* A * R_(
Plasmablasts 1.4 (0.8-1.6) 8.1 (4.8-11.5) 15.2 (8.3-27.2) * < 0.0001 A-C 3%8(1)21 B-C
T cells maturation:
Recent thymic
emigrants 31.2 (26.3-37.6) 26.8 (19.9-36.0) 11.6 (4.8-29.0) *0.0052 * A-C 0.0040
(RTE) CD4
Naive CD4 50.0 (42.1-58.3) 40.1 (36.9-66.9) 36.4 (20.0-48.2) 0.0737 -
* - * —
Effector CD4 33.2 (27.2-40.3) 2.8 (1.2-3.5) 2.9 (1.7-6.9) * < 0.0001 AB z 8'888} AC
Effector
memory CDA 12.5 (9.2-15.0) 7.5 (5.8-22.3) 17.7 (12.7-19.7) 0.0503
Central . * A-B 0.0002* A-C <
memory CDA 1.8 (1.1-3.4) 32.2 (26.8-41.4) 39.5 (28.3-46.6) <0.0001 00001
Recent thymic
emigrants 39.5 (34.4-52.9) 37.7 (28.1-49.8) 20.6 (6.6-33.5) *0.0089 * A-C 0.0079
(RTE) CD8
Naive CD8 42.4 (35.5-59.7) 39.2 (34.6-58.1) 15.4 (6.5-22.6) *0.0029 * A-C 0.0027
* - * -
Effector CD8 7.8 (4.1-11.4) 20.3 (16.5-38.6) 45.0 (22.1-62.4) *0.0001 AB g'gégg AC
Effector
memory CD8 19.3 (16.2-22.9) 15.7 (11.2-26.1) 19.1 (11.4-33.7) 0.6454 -
Central . * A-B 0.0006 * A-C
memory CD8 25.5 (18.1-38.2) 7.7 (7.4-10.4) 10.7 (5.2-16.8) 0.0001 00017

For CD8+ T cells maturation the median proportion of RTE CD8+ T cells was significantly lower in
COVID-19 X-ray (+) patients than in healthy control, without differences between COVID-19 X-ray (+)
patients and COVID-19 X-ray (-) patients (20.6% vs. 37.7% vs. 39.5%, p = 0.0052). We observed lower
median proportion of naive CD8+ T cells in COVID-19 X-ray (+) patients than in COVID-19 X-ray ()
patients and healthy control, without significant differences between COVID-19 X-ray (+) patients
and COVID-19 X-ray (—) patients (15.4% vs. 39.2% vs. 42.4%, p = 0.0029). The median proportion
of central memory CD8+ T cells was lower in COVID-19 X-ray (+) patients than in healthy control
and also lower in COVID-19 X-ray (—) patients than in healthy control (respectively, 10.7% vs. 25.5%
and 7.7% vs. 25.5%, p = 0.0001). We observed higher median proportion of effector CD8+ T cells
in COVID-19 X-ray (+) patients than in COVID-19 X-ray (-) patients and healthy control, without
significant differences between COVID-19 X-ray (+) patients and COVID-19 X-ray (-) patients (45.0
vs. 20.3 vs. 7.8%, p = 0.0001). The median proportions of effector memory CD8+ T cells did not differ
between COVID-19 X-ray (+) patients, COVID-19 X-ray (—) patients and healthy control (Figure 4,
Table 3).
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Figure 4. The differences in the median proportion of T lymphocytes maturation (CD4+ and CD8+)
subsets: Recent thymic emigrants T cells (RTE), naive T cells, effector T cells, central memory T cells and
effector memory T cells between healthy patients (Control), patients with COVID-19 without interstitial
lesions on chest X-ray (COVID-19 X-ray (-)) and with interstitial lesions on chest X-ray (COVID-19

X-ray (+)). Graphs show the median values and quartile Q1-Q3 (* p < 0.05).

4. Discussion

4.1. Leukocytes and Lymphocytes Subsets in COVID-19 Patients

In this study, we focused on characterizing the immunological profile of COVID-19 patients
by examining subpopulations of T and B lymphocyte maturation. Most of the patients exhibited
typical clinical manifestations for COVID-19 infection like: Fever, cough, dyspnea and fatigue.
Acute respiratory failure requiring mechanical ventilation was reported in three patients (Table 1).
Depending on the presence or absence of radiographic interstitial lesions on the chest X-ray, patients
were divided into two groups to distinguish individuals with different degrees of disease severity.
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We found a lower proportion of T lymphocytes (CD4+ and CD8+ subsets), B lymphocytes, eosinophils
and basophils in COVID-19 X-ray (+) patients than in healthy controls but we did not observe the
differences in absolute number of analyzed leukocytes subpopulations between patients with and
without lung lesions on chest X-ray. The results of other researchers confirmed our observations [10,14].
Moreover, they have shown that decreased of absolute number of leukocytes may be associated with
the severity of the disease. Moratto, D. et al. [14] presented that flow cytometry analysis revealed
significant differences in number of lymphocytes among patients with moderate disease, severe and a
critical phenotype. The absolute counts of CD3+, CD4+ and CD8+ lymphocytes were different in those
three groups of patients. Liu, Z. et al. [23] found that low counts of CD4+ and CD8+ T lymphocytes
were more common in patients with severe type of COVID-19 infection. Odak, I. et al. [15] also have
shown that absolute numbers of lymphocyte subsets were significantly decreased in COVID-19 patients
according to clinical severity. In severe type of disease all lymphocyte analyzed subsets were reduced,
whilst in mild disease were at the level of healthy control. Sun H.B. et al. [24] have shown that
the lymphopenia in patients with COVID-19 was mainly manifested by decreases in the CD4+ T
lymphocyte number and correlated with the severity of COVID-19 disease. Zhang W. et al. [25] have
highlighted that lymphocyte subsets are the indicators of severity of COVID-19 disease. In our study
we observed significantly lower median proportion of CD4+ cells and higher median proportion of
neutrophils in COVID-19 X-ray (+) than in COVID-19 X-ray (-). The presence of neutrophilia in
COVID-19 patients has been also reported by other researchers. Henry B. et al. [26] have found a
significant association of neutrophilia with progression to severe course of the disease. Qun S. et al. [27]
have shown that high neutrophil-to-lymphocyte ratio was closely associated with the severity of
non-mild COVID-19 infection. In contrast, some studies in COVID-19 patients showed neutrophils
within the normal range [7,28,29], which was also found in our study.

In our results we observed a significant difference between COVID-19 X-ray (+) and COVID-19
X-ray (—) patients in percentages of analyzed leukocytes subpopulation, not in absolute numbers. This
finding can be attributed to the fact that most of our COVID-19 patients (with and without chest X-ray
changes) were moderately infected.

The above discussed results confirmed that in patients with severe COVID-19 stage,
finding significant changes in the elements of the immune system could be easier. Therefore, it seems
reasonable to accurately characterize the B and T lymphocyte subpopulations at different stages of
maturation in patients with mild to moderate type of COVID-19 infection.

4.2. B Cells Maturation in COVID-19 Patients: Role of Plasmablast and Transitional Cells

We have observed that COVID-19 X-ray (+) patients had the highest percentage of plasmablasts
and increased percentage of transitional B lymphocytes. Moreover, we observed a decreased number
of total B cells and naive B cells in COVID-19 X-ray (+) patients when we compared to healthy
control. Some researchers also revealed massive plasmablasts infiltration in COVID-19 patients [30].
De Biasi, S. et al. [31] found a decreased number of total and naive B cells, along with decreased
numbers of memory switched and non-switched B cells with significant increase of plasmablasts.
Otherwise, B lymphocytes showed a normal proliferation index and number of dividing cells per cycle.
The alterations in the B-cell compartment may underline the immune system’s effort to make up for
lymphopenia with the increase in transitional B cells and plasmablasts. Vaisman—-Mentesh, A. et al. [32]
hypothesized that the differentiation of B cells is impaired after infection with SARS-CoV-2. They also
found that short-lived plasmablasts were a major contributor to the high levels of serum antibodies.
Mathew D. et al. [30] have also presented that plasmablast responses were present in COVID-19
patients, reaching > 30% of total B cells.

Moreover, we observed a negative significant correlation between CD4+ cells and plasmablasts in
COVID-19 X-ray (+) patients, which was not observed in the other study groups and has not been yet
presented by other authors.



Cells 2020, 9, 2615 12 0of 16

In summary, the decline in proportion of CD4+ cells, the infiltration of plasmablasts and the
above-mentioned correlation, allowed to differentiate COVID-19 X-ray (+) patients and COVID-19
X-ray (—) patients and could be used as a predictive factor for the occurrence of changes in the lungs.

4.3. T Cells Maturation in COVID-19 Patients: Role of Central Memory CD4+ T Cells and Effector
CD8+ T Cells

We noticed a significant reduction of CD4+ effector cells and increase of CD4+ central memory
cells, both in COVID-19 X-ray (+) and COVID-19 X-ray (—) compared to healthy group. These results
confirmed that these changes appeared in COVID-19 patients regardless of the presence of lung lesions
and, therefore, the severity of the disease. It could be hypothesized that lymphopenia in COVID-19
patients was due to not only reduction of total CD4+ cells, but a significant decrease of CD4+ effector
cells. A decrease of CD4+ effector cells in COVID-19 patients was also observed by other researchers,
in patients with moderate and severe type of COVID-19 infection compared to healthy volunteers [15].
The reduction in the number of these cells could be explained by their recruitment to the lungs or other
infected organs, or cells damage caused by massive release of inflammatory mediators in response to
infection [7,13,30]

The significant increase of CD4+ central memory cells, both in COVID-19 X-ray (+) and COVID-19
X-ray (—), in relation to the control group, might indicate appearance of immune memory in patients
with COVID-19 infection, regardless of the occurrence of changes in lungs. A similar observation has
been shown by other authors. Peng, Y. et al. [33] have characterized T cells which presented a mixed
effector and central memory phenotype. Odak, I. et al. [15] have also shown that central memory CD4+
cells were dominated among CD4+ T lymphocytes, while percentages of CD4+ effector cells were
reduced. GongF. et al. [34] also observed that SARS-CoV-2-specific CD4+ T cells in blood were typically
of central memory phenotype. Sekine, T. et al. [35] have presented that in patients with acute-phase
of COVID-19 infection specific T cells displayed a highly activated cytotoxic phenotype, whereas
in convalescent-phase T cells were polyfunctional and displayed a memory phenotype, the same in
asymptomatic individuals and mild patients. The fact that memory T cells have generated in response
to COVID-19 infection suggested that mild infection may elicit protection from severe COVID-19
in the future. However, in our study, the percentage of CD8+ central memory cells was lower in
the COVID-19 groups compared to controls. Among the CD8+ cells, the subpopulation of CD8+
effector cells in COVID-19 patients were dominant. Odak, L. et al. [15] similar to our observation have
shown that patients in mild course had higher proportion of CD8+ effector T cells than healthy control.
Gong F. et al. [34] have also shown that SARS-CoV-2-specific CD8+ T-cells typically had a more effector
phenotype. Westmeier, J. et al. [36] found that SARS-CoV-2 infection induced a cytotoxic response of
CD8+ T cells, characterized by the simultaneous production of granzyme A and B as well as perforin.
Moreover, they indicated that CD8+ cells were not functionally exhausted.

We concluded that in patients with COVID-19 infection, regardless of the existence of lung lesions,
in both the mild and moderate COVID-19 groups, the organism is directed to the effector profile of the
CD8+ cell population, and the memory profile of the CD4+ cells.

In addition, in our study we observed significantly lower proportions of both CD4+ and CD8+
RTE cells and naive cells in COVID-19 X-ray (+) patients compared to the group of healthy volunteers,
without differences between COVID-19 X-ray (+) patients and COVID-19 X-ray (—) patients. There are
no reports of involvement of RTE cells in COVID-19 infection course in the literature. It is known that
RTE represent a source of antigen-naive T cells that enter the periphery throughout life. Some studies
confirmed that the fundamental processes that are required to generate new T cells are affected by
viruses and how these permutations affect reconstitution are not well understood. It is observed
that chronic virus infection caused CD8+ T cell-mediated thymic destruction and impaired negative
selection of lymphocytes T [37].

Interestingly, COVID-19 patients with changes on chest X-ray and no changes did not differ from
each other, taking into account the above-mentioned subpopulations of T lymphocytes in contrast to
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percentage of CD4+ cells and the plasmablasts in B cell subpopulation. On the other hand, we observed
many differences in the maturation of T cells between the COVID-19 group with lung lesions and
healthy controls.

5. Conclusions

In this study, we characterized peripheral cell subsets of T and B lymphocytes maturation and
their differences between COVID-19 subjects with and without chest X-ray changes and control group.
We proposed that effector T CD8+ cells and memory T CD4+ cell response together with plasmablasts
provided a reliable measurement of immune status that may be useful for evaluating COVID-19
patients. Additionally, the reduced percentage of CD4+ lymphocytes and the increased proportion of
plasmablasts allowed to distinguish patients with changes in the lungs, which can set the direction for
further research and constitute an additional element of diagnostics.
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Appendix A

Table Al. Differences in the median of leukocytes subpopulation percentages between healthy
patients (A), patients with COVID-19 without interstitial lesions on chest X-ray ((B): COVID-19 X-ray
(-)) and patients with COVID-19 with interstitial lesions on chest X-ray ((C): COVID-19 X-ray (+)).
Data expressed as median (Q1-Q3).

Control Group COVID-19 X-ray () COVID-19 X-ray (+) p <0.05* Group

[% of Total p <0.05* Group, in

Leukocytes] n=20(A) n =9 (B) Median n = 14 (C) Median A-B-C ANOVA, Groups Post-Hoc
Y Median (Q1-Q3) (Q1-Q3) (Q1-Q3) Kruskal-Wallis up
Lymphocytes 38.3 (33.2-46.3) 49.8 (24.7-57.1) 27.6 (13.1-37.4) 0.0637 -
T Lymphocytes 30.5 (24.6-40.9) 36.2 (13.9-43.0) 19.4 (7.8-24.8) *0.0129 * A-C 0.0140
* A-C 0.0063 * B-C
CD4 cells 18.6 (13.6-22.0) 23.1(10.3-25.9) 8.0 (4.8-14.4) *0.0026 00131
CD8 cells 10.5 (7.8-13.2) 9.4 (4.2-15.4) 8.5 (3.6-12.3) 0.4905 -
Ratio CD4/CD8 1.8(1.5-2.2) 2.1 (1.4-35) 1.3 (0.6-2.4) 0.1460 -
Lymp}[})‘/"]:ytes B 3.9 (3.0-5.0) 2.7 (1.7-3.2) 21 (13-5.1) 0.0810 -
o
NK cells [%] 4.2 (2.8-7.0) 6.5 (4.1-9.1) 43(1.5-9.1) 0.4628 -
Neutrophils 473 (42.1-57.3) 37.6 (29.7-69.4) 62.9 (49.4-77.5) *0.0229 * B-C 0.0230
Eosinophils [%] 2.2 (0.5-3.3) 1.7 (0.9-3.6) 0.9 (0.0-2.2) *0.0149 * A-C 0.0150
Basophils [%] 0.7 (0.5-1.2) 0.6 (0.3-1.5) 0.2 (0.0-0.5) 0.0511 -
Monocytes [%] 10.2 (6.8-11.5) 7.2 (4.1-8.1) 7.1 (6.2-11.9) 0.1611 -
A. B.
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Figure A1. The correlations between proportion of plasmablasts and proportion of CD4+ cells in
healthy patients (A), patients with COVID-19 without interstitial lesions on chest X-ray ((B): COVID-19
X-ray (—)) and patients with COVID-19 with interstitial lesions on chest X-ray ((C): COVID-19 X-ray (+)).
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