4

X/
*

Scientific
Research
Publishing

()

<
X8

%

Open Journal of Immunology, 2022, 12, 41-63
https://www.scirp.org/journal/oji

ISSN Online: 2162-4526

ISSN Print: 2162-450X

Alterations of Blood Immune Cells in Elderly
Patients with COVID-19 and with or without
Pre-Existing Type 2 Diabetes

Susana Salva?*, Yanina Kolling?*, Nicolas Argafiaraz?*, Maria Pia Rocchia Novillo3,

Maria del Milagro Rocchia Novilloe3, Leonardo Albarracin!, Jacqueline Charubi?,
Alejandra Casen3, Nadia Gobbato?, Mirta Rachid?, Susana Alvarezl, Haruki Kitazawa56#,
Julio Villenal5#, Juan Carlos Valdez2#

"Laboratory of Immunobiotechnology, Reference Centre for Lactobacilli (CERELA-CONICET), Tucuman, Argentina
*Laboratory of Immunology, Faculty of Biochemistry, Chemistry and Pharmacy, National University of Tucuman, Tucuman,

Argentina

*Hospital Centro de Salud “Zenon Santillan”, Tucuman, Argentina
“Instituto de Maternidad “Ntra. Sra. De las Mercedes”, Tucuman, Argentina

*Food and Feed Immunology Group, Laboratory of Animal Food Function, Graduate School of Agricultural Science, Tohoku

University, Sendai, Japan

¢Livestock Immunology Unit, International Education and Research Center for Food and Agricultural Immunology (CFAI),
Graduate School of Agricultural Science, Tohoku University, Sendai, Japan

Email: *haruki.kitazawa.c7@tohoku.ac.jp, *jcvillena@cerela.org.ar, “puma-valdez@hotmail.com

How to cite this paper: Salva, S., Kolling,
Y., Argafaraz, N., Novillo, M.P.R., del Mila-
gro Rocchia Novillo, M., Albarracin, L.,
Charubi, J., Casen, A., Gobbato, N., Rachid,
M., Alvarez, S., Kitazawa, H., Villena, J. and
Valdez, J.C. (2022) Alterations of Blood Im-
mune Cells in Elderly Patients with COVID-
19 and with or without Pre-Existing Type 2
Diabetes. Open Journal of Immunology, 12,
41-63.
https://doi.org/10.4236/0ji.2022.122003

Received: June 1, 2022
Accepted: June 27, 2022
Published: June 30, 2022

Copyright © 2022 by author(s) and
Scientific Research Publishing Inc.

This work is licensed under the Creative
Commons Attribution International
License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

Abstract

Elderly individuals, especially those with pre-existing conditions like type 2
diabetes mellitus (T2DM), have a high risk for developing severe cases of
COVID-19. The aim of this work was to characterize the alterations of blood
immune cells (BIC) in patients with symptomatic COVID-19 and confirmed
SARS-CoV-2 infection, 260 years and who needed hospitalization in the
Centro de Salud Hospital of Tucuman, Argentina, during the second peak of
the pandemic in Argentina. Ten patients were enrolled from December 2020
to May 2021. Blood samples were taken at the time of admission (day 0) and
five days after (day 5) for routine laboratory tests and the characterization of
BIC by flow cytometry. Most of the patients were men (70%) aged between 60
and 78 years. The 70% of patients had T2DM while 50% had arterial hyper-
tension. At day 0, all the patients had increased neutrophils and inflammatory
markers (C reactive protein and D-dimers) and reduced numbers of lympho-
cytes, HLA-DR" monocytes, CD16"CD56" NK cells, CD3*HLA"DR*CD25*
cells, CD4* and CD8* T cells in blood. Patients received a standard treatment
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for COVID-19 care (O,, corticosteroids and antibiotics). The hospital treat-
ment normalized the levels of BIC (day 5) in 30% of patients who were those
with no comorbidities. In patients with T2DM, BIC recovery was variable. In
T2DM patients who required administration of plasma (30%), prolonged O,
therapy (40%) or referral to the intensive care unit (10%) significant reduc-
tions of CD16"CD56%, CD3*HLA DR*CD25*, CD4* and CD8" cells were ob-
served between days 0 and 5. In line with previous studies, our results show
that absolute counts of major lymphocyte subsets in blood are significantly
and substantially decreased during the course of severe COVID-19 disease in
elderly patients. These BIC alterations may persist despite clinical care in el-
derly patients with T2DM. Further studies are needed to investigate the utility
of early lymphocyte subset measurements as prognostic biomarkers of disease
severity, mortality, and response to treatment in COVID-19 elderly patients
with T2DM.

Keywords

COVID-19, SARS-CoV-2, Diabetes, Elderly, Blood Leukocytes, Immune
Response

1. Introduction

Diabetes is a global health problem due to its high morbidity and mortality asso-
ciated to the increased risks of cardiovascular diseases and infections. The rela-
tionship between type 2 diabetes mellitus (T2DM) and infection has long been
recognized [1]. Non-controlled or poorly controlled T2DM enhances the risk for
skin, bone, eye, and mucosal infections, with significantly increased hospitaliza-
tion and mortality rates. In fact, it was reported that infectious diseases substan-
tially diminish life expectancy of patients with T2DM [2]. The hazard ratio for a
person with T2DM dying from any infection was 2.39, and this is more likely to
happen when the glycemic control is poor [3].

Respiratory infections, particularly pneumonia, are more often common and
serious in elderly patients with T2DM [4]. Studies performed during influenza
epidemics suggested that individuals with T2DM were highly susceptible to se-
vere infections compared to healthy individuals [5]. In addition, T2DM has been
recognized as a risk factor for severe disease progression and mortality in respi-
ratory infections caused by the severe acute respiratory syndrome coronavirus
(SARS-CoV) [6], Middle East respiratory syndrome-related coronavirus (MERS-
CoV) [7], and the novel SARS-CoV-2 [8]. In this regard, multi-center studies of
the coronavirus infectious disease 2019 (COVID-19) found that patients with
T2DM required more medical interventions and had a significantly higher mor-
tality rates [9]. The severe cases of COVID-19 can rapidly progress to acute res-
piratory distress syndrome (ARDS), septic shock, and multiple organ dysfunc-
tion syndrome [10] [11] [12]. It was suggested that the deregulated immune re-

sponse caused by T2DM would be responsible for the increased disease severity
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of SARS-CoV-2 since higher ratios of lymphopenia and increased levels of neu-
trophils, serum C reactive protein (CRP), and inflammatory cytokines were ob-
served in the patients with COVID-19 and pre-existing T2DM [9].

Changes in blood immune cells (BIC) could be extrapolated to understand
how the specific cell subsets are responsible for severe outcomes in patients with
viral respiratory infections and expanding the knowledge on how these subsets
contribute to the overall immune response, in particular to the cases associated
with severe complications. In fact, several previous studies have already de-
scribed the potential role of blood leucocytes counts to evaluate the progression
towards a more severe disease and to predict the risk of death among COVID-19
patients [13] [14] [15] [16] [17]. The majority of these studies were conducted in
the northern hemisphere during the first phases of the COVID-19 pandemic.
Studies involving patients from different geographical areas and later during the
pandemic are needed to confirm and extend those results.

The aim of this work was to characterize the alterations of BIC in patients
with symptomatic COVID-19 and confirmed SARS-CoV-2 infection, older than
60 years, with or without pre-existing T2DM and who needed hospitalization in
the Centro de Salud Hospital of Tucuman during the second peak of the pan-

demic in Argentina.

2. Materials and Methods
2.1. Study Design

This study was conducted in accordance with ethical principles of the Declara-
tion of Helsinki and Good Clinical Practice guidelines and received approval
from the authorized institutional review board SIPROSA (Sistema Provincial de
Salud de la Provincia de Tucuman), Exp. N. 3629-410-V-2020 protocol number
approval CI N37-2020. Participants or legally authorized representatives pro-
vided informed consent.

A single-center study involving patients with SARS-CoV-2 infection was per-
formed at the Centro de Salud Hospital of Tucuman (San Miguel de Tucuman,
Tucuman, Argentina) during the second peak of the pandemic (from December
2020 to May 2021). The ten patients enrolled were elderly adults (260 years),
hospitalized for COVID-19, with a posi-tive reverse transcription polymerase
chain reaction (RT-PCR) for SARS-CoV-2 on a nasopharyngeal swab. The orig-
inal SARS-CoV-2 virus infected the patients while no vari-ants were detected.
All patients were tested for bacterial and viral respiratory pathogens including
Influenza Viruses A and B and Streptococcus pneumoniae. Participants were
ex-cluded if requiring invasive mechanical ventilation at study entry.

The following information on each patient was extracted from the hospital
medical records: age, sex, medical history, symptoms, severity assessment on ad-
mission, laboratory findings, chest computed tomography (CT), radiograph find-
ings, treatment, and efficacy.

All participants received a background standard of care for COVID-19 in keep-
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ing with the local clinical practice for COVID-19 management, which include
corticosteroids and non-invasive O, therapy for 10 days, and antibiotics for 7

days. Healthy age-matched subjects (non-infected) were used as controls.

2.2. Flow Cytometry

Blood samples were obtained in heparinized tubes and stained with different
mixtures of the following mouse anti-human antibodies from Inmuno Tools:
Fluorescein isothiocyanate (FITC) CD3 antibody (clone HIT3b); phycoerythrin
(PE) CD4 antibody (clone EDU-2); peridinin-chlorophyll-protein (PerCP) CD8
antibody (clone UCHT-4); Al-lophycocyanin (APC) CD11b antibody (clone
HI11b); PE CD11c antibody (clone BU15); FITC CD16 antibody (clone HI16a);
APC CD19 antibody (clone LT19); APC CD25 antibody (clone MEM-181);
PerCP CD45 antibody (clone HI30); PE CD56 antibody (clone B-A19); FITC
HLA-DR antibody (clone LT-DR); and annexin V APC-conjugated. Blood sam-
ples from COVID-19 patients (50 pL) were incubated with different antibody
mixtures for 30 min at 4°C protected from light. Samples stained with a single
color were used to set the compensation, and an unstained sample was stored
under the same conditions. Red blood cells lysis and white blood cells fixation
were done by adding 500 pL of Lyse/Fix Buffer (BD Biosciences) into each tube.
Cells were acquired on a FacsCalibur flow cytome-ter (BD Biosciences) and data
were analyzed with FlowJo software (TreeStar). Healthy volunteers of aged be-
tween 60 and 71 years provided blood samples and served as the non-infected

control group.

2.3. Statistical Analysis

Differences between groups or days of sampling were assessed using the Mann-
Whitney U test, Kruskal-Wallis test (continuous variable) or Chi2 test (categor-
ical variables), as appropriate. A two-sided p value of <0.05 was considered sta-

tistically significant.

3. Results

3.1. Symptoms and Routine Laboratory Tests in Elderly Patients
with COVID-19

In all selected patients, CT scans that were performed at the time of admission
revealed abnormal results. The most common patterns on chest CT were ground-
glass opacity and bilateral patchy shadowing. Thus, the main clinical condition
on admission for all the enrolled patients was SARS-CoV-2-related pneumonia.
Most of the patients were men (70%) aged between 60 and 78 years. The majori-
ty of the enrolled population had at least one comorbidity. The 70% of patients
had T2DM while 50% had arterial hypertension. The rate of ICU admission was
10% and no deaths were registered.

Blood samples were taken at the time of admission (day 0) and five days after

(day 5) for routine laboratory tests and the characterization of BIC by flow cy-
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tometry. At day 0, sight increases in serum lactate dehydrogenase (LDH) levels
were observed in most patients (Figure 1A) while serum creatinine was signifi-
cantly higher than non-infected controls in only one patient (Figure 1B). The
levels of blood ferritin were augmented in most of the SARS-CoV-2-infected
subjects (Figure 1C). In addition, all the patients had increased levels of the in-
flammatory markers C reactive protein (data not shown) and D-dimers (Figure
1D). Blood hemoglobin values were under the normal values in 60% of the pa-
tients (Figure 1E) while blood creatine phosphokinase (CPK) was significantly
increased in 80% of the subjects (Figure 1F).

Patients received a standard treatment for COVID-19 care that included O,
therapy, corticosteroids and antibiotics. These treatments normalized the levels
of routine laboratory tests on day 5 in 30% of patients who were those with no
comorbidities. In subjects with T2DM, recovery was variable. Patients with
T2DM required administration of plasma (30%), prolonged O, therapy (40%) or
referral to the intensive care unit (10%). Thus, the patients with T2DM needed
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Figure 1. Laboratory test of elderly patients infected with SARS-CoV-2 (COVID-19+)
with or without type 2 diabetes, who required hospitalization in the Centro de Salud
Hospital of Tucuman during the second peak of the pandemic in Argentina. Lactate de-
hydrogenase activity (LDH) (A), cretatinine (B), ferritin (C), D dimers (D), hemoglobin
(E) and creatine phosphokinase (CPK) (F) were determined in blood samples at the time
of admission (d0). The light blue boxes in each graph indicate the average value for each
laboratory parameter found in healthy age-matched individuals.
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significantly more intensive integrated treatments to manage their symptoms of
COVID-19 than the subjects with no diabetes. All the patients with T2DM pre-
sented HBA1c values within normal ranges and were receiving standard medica-
tion for the treatment of their disease (metformin) at the time of hospital admis-
sion. No relationship was found between the severity of COVID-19 and HBAlc

values or medication in our study.

3.2. Blood Immune Cells Variations in Elderly Patients with
COVID-19

The numbers of BIC populations were also evaluated at days 0 and 5 as shown in
Figure 2. At the time of admission to the hospital, the patients with COVID-19
presented blood leukocytes values within the normal range (Figure 2A). Never-
theless, when dis-criminating the populations of granulocytes and lymphocytes,
it was observed a significant alteration of the normal proportions of blood leu-
kocytes (Figure 2B) characterized by increased numbers of granulocytes (Figure
2C, Figure 2D) and reduced numbers of lymphocytes (Figure 2E, Figure 2F)
when compared with non-infected controls.

The treatment given in the hospital to the patients reduced the number of
granulocytes in most of the subjects at day 5 with the most remarkable effect
observed in patient in which the granulocytes fell from 37.7 to 8.5 G/L (Figure
2D). In addition, in most of the patients with COVID-19 a significant reduction
in the numbers of blood lymphocytes was observed at day 5 (Figure 2F). Of
note, patients with no T2DM significantly increased their numbers of blood
lymphocytes when values from days 0 and 5 where compared.

The expression of annexin was analyzed in CD45" cells in order to assess the
impact of SARS-CoV-2 infection of BIC apoptosis (Figure 3A, Figure 3B). At
day 0, most of the patients with COVID-19 had percentages of blood CD45"
Annexin* cells that were significantly higher than non-infected controls. No dif-
ferences were found in the MFI of blood CD45"Annexin® cells when days 0 and
5 were compared. However, the analysis of the absolute number of CD45* An-
nexin® cells demonstrated a significant decrease from days 0 to 5 in most of the
patients. Of note, patients with no T2DM had no variations in the absolute
number of CD45"Annexin* cells from days 0 to 5 (Figure 3B).

The down-regulation of blood HLA-DR expression has been reported in
the context of acute clinical inflammation, especially sepsis [18]. Thus, we also
aimed to evaluate the variations of blood CD45*HLA-DR* cells in elderly pa-
tients with COVID-19. As shown in Figure 3C, the percentages of blood
CD45"HLA-DR" cells were significantly reduced in SARS-CoV-2-infected pa-
tients when compared to non-infected controls at day 0. No significant varia-
tions were detected in the percentage of blood HLA-DR" cells when values of
days 0 and 5 were compared (Figure 3C). However, when absolute numbers
were analyzed, it was detected that most of the patients with COVID-19 reduced
the numbers of blood CD45*HLA-DR* cells from days 0 to 5 (Figure 3D). Only
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patients with no T2DM were able to increase the numbers of blood HLA-DR*

cells after the hospital treatment.

3.3. Blood Monocytes Variations in Elderly Patients with
COVID-19

We next concentrated the analysis of BIC in monocytes (Figure 4). A remarka-

ble de-crease in the percentages of blood monocytes was observed when patients
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Figure 2. Blood leukocytes variations in elderly patients infected with SARS-CoV-2
(COVID-19+) with or without type 2 diabetes, who required hospitalization in the Centro
de Salud Hospital of Tucuman during the second peak of the pandemic in Argentina.
Total leukocytes count (A, B), granulocytes (C, D) and lymphocytes (E, F) were deter-
mined in blood samples at the time of admission (day 0) and five days after (day 5). The
light blue box in the graphs indicates the aver-age value for the parameter found in
healthy age-matched patients (non-infected). Red, blue and grey lines indicate significant
decreases, increases and no variations for the same patient between days 0 and 5, respec-
tively. Asterisks indicate significant differences when compared to the non-infected con-
trol group (*P < 0.05).
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Figure 3. Blood leukocytes variations in elderly patients infected with SARS-CoV-2
(COVID-19+) with or without type 2 diabetes, who required hospitalization in the
Centro de Salud Hospital of Tucuman during the second peak of the pandemic in Ar-
gentina. CD45*Annexin® cells (A, B), and CD45+HLA-DR+ cells (C, D) were deter-
mined in blood samples at the time of admission (day 0) and five days after (day 5).
Healthy age-matched patients (non-infected) were used for comparisons. Red, blue
and grey lines indicate significant decreases, increases and no variations for the same
patient between days 0 and 5, respectively. Asterisks indicate significant differences
when compared to the non-infected control group (*P < 0.05).

with COVID-19 at day 0 were compared with non-infected controls (Figure
4A). At day 5, most of the subjects increased the percentages of blood monocytes
when compared to the values at day 0 (Figure 4A). The same trend was ob-
served when the absolute values of monocytes were analyzed (Figure 4B). Of
note, some patients showed a remarkable reduction in the absolute numbers of
blood monocytes from days 0 to 5, all these patients belonged to the group of
T2DM. The variation of HLA-DR in monocytes has been proposed as marker of
infections and prognosis in various conditions including sepsis [19], trauma
[20], and burns [21]. Thus, we also evaluated the variations of blood HLA-DR"
monocytes (Figure 4C, Figure 4D). As expected, the percentages of blood
HLA-DR" monocytes in patients with COVID-19 at day 0 was significantly low-
er than non-infected controls (Figure 4C). When the percentages of these blood
immune cells at days 0 and 5 were compared it was ob-served that most of the
patients increased this parameter (Figure 4D). However, when the absolute
number of HLA-DR" monocytes was analyzed 60% of the patients had signifi-
cant reductions from day 0 to 5 while 40% of the subjects, most from the
non-T2DM group, increased the values of these cells.
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Figure 4. Blood leukocytes variations in elderly patients infected with SARS-CoV-2 (COVID-19+) with or
without type 2 diabetes, who required hospitalization in the Centro de Salud Hospital of Tucuman during
the second peak of the pandemic in Argentina. Monocytes (A, B), and HLA-DR" monocytes (C, D) were
determined in blood samples at the time of admission (day 0) and five days after (day 5). Healthy
age-matched patients (non-infected) were used for comparisons. Red, blue and grey lines indicate signifi-
cant decreases, increases and no variations for the same patient between days 0 and 5, respectively. Asterisks
indicate significant differences when com-pared to the non-infected control group (*P < 0.05).

To correlate the alterations of the studied blood cell populations with differ-
ences in age, sex, comorbidities and severity of the COVID-19, we made an anal-
ysis of the relative variations of all the parameters evaluated and represented
them in a heat-map (Figure 5). Two groups of patients were clearly differentiated
with this analysis considering the variations of whole blood leukocytes, granulo-
cytes, lymphocytes, CD45"Annexin® cells, CD45*HLA-DR* cells and HLA-DR"
monocytes. Most of the patients with T2DM, arterial hypertension and/or other
comorbidities clustered together and showed alterations in BIC that were not sig-
nificantly improved by the standard hospital treatment. Furthermore, the indi-
viduals who required administration of plasma, prolonged O, therapy (more than
10 days) or referral to the intensive care unit were in this group (Figure 5). No

clear association of BIC alterations with sex or age was detected.

3.4. NK Cells Variations in Elderly Patients with COVID-19

The variations of blood NK cells in patients with COVID-19 were evaluated us-
ing the CD3, CD16 and CD56 markers as shown in the Figure 6. A great varia-
tion in the percentages of CD3 CD16*CD56" NK cells was observed in the
SARS-CoV-2-infected subjects at day 0. While 60% percent of the elderly pa-
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tients with COVID-19 presented values with-in the normal range, 40% had in-
creased or decreased values with respect to the non-infected controls (Figure
6A). A great variability was also observed in the percentages of CD3"CD16*CD56*
NK cells when the values at days 0 and 5 were compared. However, when the
absolute number of CD3"CD16"CD56" NK cells was analyzed it was shown that
60% of the patients had significant reductions from days 0 to 5 while 40% of the
subjects, most from the non-T2DM group, increased the values of NK cells
(Figure 6B). We also evaluated the variations in the cytokine-producing CD56™
NK cells and the cytotoxic CD56"" NK cells [22]. The same trend variation of
total NK cells was observed when the cytokine producing CD16*CD56" NK cell
population was analyzed (Figure 6D). Of note, when the cytotoxic CD16*CD56"°
NK cell population was studied it was observed that their percentages and their
absolute numbers increased or remained unaltered in most of the patients
(Figure 6C). Only three patients, all belonging to the T2DM group, had a sig-
nificant reduction of cytotoxic CD16*CD56" NK cells from days 0 to 5.
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Figure 5. Blood leukocytes variations in elderly patients infected with SARS-CoV-2
(COVID-19+) with or without type 2 diabetes, who required hospitalization in the Centro
de Salud Hospital of Tucuman during the second peak of the pandemic in Argentina.
Heat-map analysis of total blood leukocytes counts, blood granulocytes, blood lympho-
cytes, CD45*Annexin* cells, CD45*HLA-DR* cells and HLA-DR"M monocytes variations
between the time of admission (day 0) and five days after (day 5). The differences be-
tween the patients considering sex, age, the presence of type 2 diabetes (T2DM), arterial
hypertension (AHT) and other comorbidities (CMB), and the need of plasma, O: or in-
tensive care unit (ICU) are shown in green and orange.
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Figure 6. Blood leukocytes variations in elderly patients infected with SARS-CoV-2
(COVID-19+) with or without type 2 diabetes, who required hospitalization in the Centro
de Salud Hospital of Tucuman during the second peak of the pandemic in Argentina.
CD3°CD16*CD56+ NK cells (A, B), CD3-CD16*CD56® NK cells (C) and CD3-CD16*
CD56M NK cells (D) were determined in blood samples at the time of admission (day 0)
and five days after (day 5). Healthy age-matched patients (non-infected) were used for
comparisons. Red, blue and grey lines indicate significant decreases, increases and no
variations for the same patient between days 0 and 5, respectively.

We also performed a heat-map analysis with the values of total CD3-CD16*
CD56" NK cells, cytokine producing CD56" cells and cytotoxic CD56lo cells
(Figure 7). No clearly defined group was observed among the elderly patients
with COVID-19. It was also not observed a clear association between blood NK
cells variations and the differences in age, sex, comorbidities or severity of the
COVIDI19.

3.5. Lymphocytes Variations in Elderly Patients with COVID-19

Finally, we focused in the variation of the different populations of blood lym-
phocytes. The 40% of the patients with COVID-19 had percentages of blood
CD3°CD19" B cells that were below the normal range found in the non-infected
group (Figure 8A, Figure 8B). In addition, all the SARS-CoV-2-infected pa-
tients had values of blood CD3*CD19™ T cells that were lower than non-infected
individuals (Figure 8C, Figure 8D). Most of the patients did not present signif-
icant variations in the percentages or in the absolute numbers of blood CD19" B
cells, with the exception of one patient who showed a reduction from 2.2 to 0.3
G/L when days 0 and 5 were compared (Figure 8B). When analyzing the varia-
tions of CD3" T cells, it was observed that half of the patients increased the ab-
solute values of these cells from days 0 to 5, while the other half showed signifi-
cant reductions (Figure 8D).
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Figure 7. Blood leukocytes variations in elderly patients infected with SARS-CoV-2
(COVID-19+) with or without type 2 diabetes, who required hospitalization in the Centro
de Salud Hospital of Tucuman during the second peak of the pandemic in Argentina.
Heat-map analysis of CD3-CD16*CD56*, CD3-CD16*CD56 and CD3-CD16*CD56" NK
cells variations between the time of admission (day 0) and five days after (day 5). The dif-
ferences between the patients considering sex, age, the presence of type 2 diabetes
(T2DM), arterial hypertension (AHT) and other comorbidities (CMB), and the need of
plasma, O: or intensive care unit (ICU) are shown in green and orange.

In addition, we evaluated the activation of T cell by assessing the expression of
the markers HLA-DR and CD25 (Figure 9). Most of the patients showed per-
centages of CD3*HLA-DR* T cells that were higher than the uninfected controls
(Figure 9A), while the percentages of CD3*CD25" cells were slightly increased
in COVID-19 patients, but without statistically significant differences with the
controls (Figure 9C). When the variations of CD3*HLA-DR* and CD3*CD25* T
cells between days 0 and 5 were analyzed, it was observed that most of the pa-
tients decreased the absolute values of both immune cell populations (Figure 9B,
Figure 9D).

The study of CD4* and CD8" T cells in blood samples of the elderly patients
with COVID-19 revealed that both lymphocytes populations were decreased
when compared with non-infected controls (Figure 10). When the percentages
of CD3*CD4" (Figure 10B) and CD3*CD8" (Figure 10D) T cells were compared
between days 0 and 5, it was observed that most of the patients increased these
immune cell populations. However, the study of the absolute values revealed that
half of the patients actually decreased the values of CD4+ and CD8* lympho-
cytes.

A population of double positive T cells was also found in the blood of elderly
patients with COVID-19 (Figure 11). The percentages of CD4*CD8" T cells
were lower in patients in comparison with the values observed in non-infected

subjects. Most of the patients did not present variations in the percentages of
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these cells between days 0 and 5. Only four patients showed decreases in the
percentages of CD4*CD8" T cells, all belonging to the group of T2DM. However,
when the absolute numbers of CD4*CD8* T cells was analyzed, it was shown the
most of the patients significantly reduced these immune cells from day 0 to 5
(Figure 11B).
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Figure 8. Blood leukocytes variations in elderly patients infected with SARS-CoV-2
(COVID-19+) with or without type 2 diabetes, who required hospitalization in the Centro
de Salud Hospital of Tucuman during the second peak of the pandemic in Argentina.
CD3-CD19* B cells (A, B), and CD3*CD19- T cells (C, D) were determined in blood sam-
ples at the time of admission (day 0) and five days after (day 5). Healthy age-matched pa-
tients (non-infected) were used for comparisons. Red, blue and grey lines indicate signif-
icant decreases, increases and no variations for the same patient between days 0 and 5,
respectively. Asterisks indicate significant differences when com-pared to the non-infected
control group (*P < 0.05).
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Figure 9. Blood leukocytes variations in elderly patients infected with SARS-CoV-2
(COVID-19+) with or without type 2 diabetes, who required hospitalization in the Centro
de Salud Hospital of Tucuman during the second peak of the pandemic in Argentina.
CD3*HLA-DR* T cells (A, B), and CD3*CD25" T cells (C, D) were determined in blood
samples at the time of admission (day 0) and five days after (day 5). Healthy age-matched
patients (non-infected) were used for comparisons. Red, blue and grey lines indicate sig-
nificant decreases, increases and no variations for the same patient between days 0 and 5,
respectively. Asterisks indicate significant differences when com-pared to the non-infected
control group (*P < 0.05).
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Figure 10. Blood leukocytes variations in elderly patients infected with SARS-CoV-2
(COVID-19+) with or without type 2 diabetes, who required hospitalization in the Centro
de Salud Hospital of Tucuman during the second peak of the pandemic in Argentina.
CD3*CD4+CD8- T cells (A, B), and CD3+CD4-CD8+ T cells (C, D) were determined in
blood samples at the time of admission (day 0) and five days after (day 5). Healthy
age-matched patients (non-infected) were used for comparisons. Red, blue and grey lines
indicate significant decreases, increases and no variations for the same patient between
days 0 and 5, respectively. Asterisks indicate significant differences when com-pared to
the non-infected control group (*P < 0.05).
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Figure 11. Blood leukocytes variations in elderly patients infected with SARS-CoV-2
(COVID-19+) with or without type 2 diabetes, who required hospitalization in the Centro
de Salud Hospital of Tucuman during the second peak of the pandemic in Argentina.
Double positive CD3*CD4*CD8"* T cells (A, B) were determined in blood samples at the
time of admission (day 0) and five days after (day 5). Healthy age-matched patients
(non-infected) were used for comparisons. Red, blue and grey lines indicate significant
decreases, increases and no variations for the same patient between days 0 and 5, respec-
tively. Asterisks indicate significant differences when com-pared to the non-infected con-
trol group (*P < 0.05).

Finally, we constructed a heat-map to summarize the variations of the differ-
ent blood lymphocytes populations and to associate them with age, sex, presence
of comorbidities or the severity of the COVID-19 in elderly patients (Figure 12).
No clear association of blood lymphocytes alterations with sex or age was de-
tected. In contrast, the simultaneous comparison of the variations of the differ-
ent blood lymphocytes populations allowed a good separation between patients
with and without T2DM. Furthermore, the patients who presented the most se-
vere COVID-19 were separated from the rest of the patients with T2DM (Figure
12).

4. Discussion

Research from the last two years has clearly demonstrated that age is a critical
determinant in the outcome of SARS-CoV-2 infection. Older people is more
prone to suffer severe symptoms of COVID-19 as well as to develop deregulate
respiratory and systemic inflammatory responses that worsen their prognosis.
More severe symptoms in elderly patients with COVID-19 are often accompa-
nied by significant increases of inflammatory and biochemical markers includ-

ing C-reactive protein, D-dimer, LDH, erythrocyte sedimentation rate, ferritin
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Figure 12. Blood leukocytes variations in elderly patients infected with SARS-CoV-2
(COVID-19+) with or without type 2 diabetes, who required hospitalization in the Centro
de Salud Hospital of Tucuman during the second peak of the pandemic in Argentina.
Heat-map analysis of blood CD3*CD19-, CD3*CD4*CD8", CD3*CD4 CD8*, CD3"HLA-
DR*, CD3*CD25* and double positive CD3*CD4*CD8* T cells variations between the
time of admission (day 0) and five days after (day 5). The differences between the patients
considering sex, age, the presence of type 2 diabetes (T2DM), arterial hypertension

(AHT) and other comorbidities (CMB), and the need of plasma, O2 or intensive care unit
(ICU) are shown in green and orange.

and fibrinogen [23]. In addition to inflammatory serum markers, it was shown
that variations in blood leukocytes counts are significantly affected in patients
with severe COVID-19, especially in non-survivors [17]. The increased suscepti-
bility to SARS-CoV-2 infection in the elderly could be significantly enhanced by
the presence of a pre-existing T2DM. In fact, studies have reported that patients
with COVID-19 and pre-existing T2DM had much higher mortality rates than
patients without diabetes [8] [24] [25]. Therefore, the scientific community has
focused on the study of the cellular and molecular processes mediated by leuko-
cytes that drive progression from mild to severe/fatal COVID-19 to identify pre-
dictive biomarkers and therapeutic targets.

In this work, we characterized the changes in BIC of elderly patients with
symptomatic COVID-19 and with or without pre-existing T2DM. In our study,
no deaths were recorded despite the fact that the recruited individuals had
pneumonia, remarkable alterations of inflammatory parameters and required

hospitalization. This may be because the work was done during the second peak
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of the pandemic in Argentina and the Centro de Salud Hospital of Tucuman was
able to efficiently apply protocols that preserved the lives of patients.

When we analyzed the BIC populations in our study, we observed that the
SARS-CoV-2 infection in elderly patients induced a significant increase in gra-
nulocyte populations. These results are in line with several reports indicating al-
terations of the granulocytes counts in patients with COVID-19, especially in
those who required hospitalization [8] [26] [27] [28] [29] [30]. The significant
increase in blood neutrophils counts in the first days after admission to hos-
pitals together with the presence of immature granulocytes including myelocytes
and metamyelocytes in blood has been reported in patients with severe COVID-
19 of all ages [26]. Single-cell RNA sequencing studies described the appearance of
immature neutrophils in the blood of patients with severe COVID-19 that were
absent patients with mild disease as well as morphological abnormalities [31]. In
addition to granulocytes morphological abnormalities [26], studies described
an up-regulation of the neutrophil-degranulation gene program [27] and the
appearance of dysfunctional neutrophils expressing PD-L1 and exhibiting an
impaired oxidative burst response [31] in patients with severe COVID-19 in com-
parison with individuals with mild or moderate disease. In addition to blood neu-
trophils alterations, studies in patients with COVID-19 also de-scribed changes in
monocytes. The decrease in blood monocytes observed in patients with COVID-
19 has been associated to the recruitment of CD16*CD14" monocytes from the
blood to infiltrate the inflamed tissues like the infected lung. A high expression
of HLA-DRA, HLA-DRBI, and the co-stimulatory molecule CD83 was described
in CD14* monocytes of patients with mild COVID-19 [31]. HLA-DR"CD11c"
and HLA-DRMCDS83" CD14* monocytes with a strong antiviral IFN-signature
have been linked to the expansion of antigen-specific T cells that are protective
during viral infections. In contrast, monocytes from patients with severe COVID-
19 have a low expression of HLA-DR [31]. In agreement with these previous re-
sults, we observed that the absolute number of HLA-DR" monocytes was re-
duced during the analyzed period while some patients, most from the non-
T2DM group, increased the values of these cells. Thus, alterations of HLADR"
monocytes numbers and emergency myelopoiesis with release of immature neu-
trophils, which are characteristics of severe COVID-19 contributing to ARDS
development [31], were more notable in elderly patients with pre-existing T2DM.

Studies evaluating the numbers and activities of blood NK cells in patients
with T2DM have reported some discrepancies. Some reports suggested that the
activity of NK cells is altered in patients with T2DM, and it was shown that the
low cytotoxic CD16*CD56" NK cells are increased while the high cytotoxic
CD16*CD56"" cells are diminished [32]. Moreover, it was observed that NK cell
activity is lower in patients with T2DM and it is significantly affected by the
quality of glucose control [32]. These alterations are aggravated when patients
are infected by SARS-CoV-2 [33] [34] [35] [36]. Reports described reduction of
blood NK cell numbers in patients with moderate and severe COVID-19 [34]
[35], which were markedly diminished in non-survivors [17]. Single-cell RNA
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sequencing studies revealed that the CD56hi population was depleted in all
COVID-19 patients but the CD56" population was depleted only in patients
with severe disease [34]. In addition, it was shown that blood NK cells in severe
disease had enhanced expression of the inhibitory receptor NKG2A, and lower
capacity to produce IFN-), TNF-q, and granzyme B [33]. It was also observed
that the population of blood NK cells as well as their cytotoxicity was rapidly
normalized in patients with mild COVID-19, but these parameters recovered
slowly in patients with severe disease [36]. Our results are in line with these pre-
vious studies describing the reduction of blood NK cells absolute counts in pa-
tients infected with SARS-CoV-2. However, although the most notable altera-
tions in the reduction of CD16*CD56™" NK cells were observed in patients with
T2DM, studies of the variations of the different NK cell subpopulations were not
able to clearly discriminate the patients with or without pre-existing T2DM in
our study (Figure 7). These findings may be due to several factors including the
number of individuals studied, the time at which the samples were taken, and
the baseline status of the patients with respect to their glycemic control and its
impact on NK cells.

In addition to the increase of blood granulocytes counts, several studies re-
ported that lymphopenia is a consistent finding in SARS-CoV-2-infected pa-
tients [28]. The decrease of blood lymphocytes counts has been associated with
disease severity and therefore, this parameter has been proposed as predictive
marker of enhanced risk of hospitalization and mortality [29] [30]. In fact, sev-
eral previous studies highlighted the potential role of blood lymphocyte counts
to evaluate the progression and to predict the risk of death among COVID-19
patients [13] [14] [15] [16] [17]. Of note, studies comparing patients with
COVID-19 and with or without pre-existing T2DM reported that subjects with
T2DM more frequently had lymphopenia compared with non-diabetic persons
[24]. In fact, blood total T lymphocytes, CD4" T cells and CD8" T cells counts
were markedly lower in diabetic cases than in non-diabetic cases. Our results
confirmed the findings of these previous works, high-lighting the potential of the
study of lymphocytes, particularly T lymphocytes, to predict the severity of
COVID-19 in elderly patients with and without comorbidities.

Detailed studies of lymphocytes subpopulations in patients with COVID-19
have shown that the absolute lymphocyte counts decrease is associated to the
reduction of both CD4* helper T cells and CD8* cytotoxic T cells [16] [23], par-
ticularly in subjects with severe disease [24]. In addition, it was shown that the
CD3*CD4*CD25"* T cell subset was significantly lower in the severe disease group
when compared to patients with mild or moderate COVID-19 [23]. In agree-
ment, we observed significant reductions of CD4*, CD8" and CD4"CD25* T cells
in blood samples of elderly patients, with the most remarkable effect found in
patients with pre-existing T2DM.

Our flow cytometry studies with the CD4 and CD8 markers also revealed al-
terations in the population of double positive T cells in the blood of elderly pa-
tients with COVID-19. CD4*CD8* T cells were lower in patients with COVID-19
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in comparison with the values observed in non-infected subjects and most of the
patients significantly reduced these immune cells from day 0 to 5. In line with
our results, a work comparing double positive T cells in the blood of patients in-
fected with SARS-CoV-2 of different ages described that CD4*CD8* cells were
significantly diminished in the elderly group when compared to young patients
[23]. Moreover, the magnitude of the reduction in this immune cells population
seemed to be associated with the severity of the disease. Similarly, it was shown
that in hospitalized patients with COVID-19 the absolute counts of double posi-
tive CD4*CD8" lymphocytes progressively diminished in patients with more se-
vere disease [17]. It is not yet clear what role these immune cells would play
during SARS-CoV-2 infection. It was reported that CD4*CD8* T cells are present
in blood in small numbers and some studies have suggested that they are diffe-
rentiated effect or memory cells with anti-viral effects, which are increased in the
blood of individuals with chronic viral infections [37]. This fact would explain
why lower values of these cells were found in the blood of patients with more
severe COVID-19 but their exact function is under ongoing debate.

Our results showed that the study of the absolute values of the different popu-
lations of T lymphocytes would be more useful than their percentage values to
predict the course of COVID-19. Similarly, it was reported that the differences in
the absolute counts of T lymphocyte subsets would have a greater clinical relev-
ance compared to their percentages in the context of SARS-CoV-2 infection [17].
Moreover, our work and those previously mentioned indicate that the study of
blood T cells absolute counts in the early stages of COVID-19 might represent a

useful tool for identifying subjects at enhanced risk of unfavorable outcomes.

5. Conclusion

In line with previous studies, we observed profound alterations in granulocytes,
monocytes, NK cells and the T cell compartment. Our results show that absolute
counts of major lymphocyte subsets in blood are significantly and substantially
decreased during the course of severe COVID-19 disease in elderly patients.
These BIC alterations may persist despite clinical care in elderly patients with
T2DM. Our study had several limitations, chief among them its observational
design and its small size. All patients had mild COVID-19 and, therefore, our
data cannot be extrapolated to more severe disease. Further studies are needed to
investigate the utility of early lymphocyte subset and the M1 and M2 subpopula-
tions of macrophages measurements as prognostic biomarkers of disease severi-
ty, mortality, and response to treatment in a higher number of COVID-19 el-

derly patients with T2DM with mild and severe disease in our region.
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