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Abstract

Background: Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) causes immune system dysregulation and a systemic
cytokine storm. Under healthy conditions, T helper cells protect against intracellular pathogens, extracellular parasites, and
extracellular bacteria.

Objectives: For the novelty of our study, little is known regarding the balance of T cell subtypes and responses in two forms of
COVID-19 in our country. We investigated whether there was a relationship between T cell subtype frequency and cytokines by
COVID-19 severity.

Methods: Forty-six PCR-confirmed severe (n = 30) and moderate (n = 16) COVID-19 patients and 13 sex- and age-matched healthy
control (HC) subjects were enrolled. Immunophenotyping of T cell subsets and related serum cytokines was performed using flow
cytometry and ELISA, respectively.

Results: There was a significantly lower frequency of CD8+Tbet+ (P < 0.01) T cells in the severe group compared to HC. Also, there
was a significantly lower frequency of CD4+GATA3+ (P < 0.001) and CD8+Tbet+ (P < 0.001) T cells in the severe group compared to
the moderate group. Moreover, receiver-operating characteristic (ROC) curve analysis revealed a considerable correlation between
CTL (CD8+T-bet+) subtypes and the severity of the disease. Severe COVID-19 disease was associated with reduced interferon-gamma
(IFN-y) and interleukin (IL)-2 concentration and increased IL-5 and IL-6 concentration.

Conclusions: Reduced systemic levels of IL-2 can trigger decreased numbers of Th1 and Th2 cells, and in contrast to elevated IL-5
and IL-6, the numbers of Th2 cells did not increase in these cases.
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1. Background

With the first reports of an epidemic of pneumonia in
China and the identification of a novel beta coronavirus,
Severe Acute Respiratory Syndrome Coronavirus 2
(SARS-CoV-2), as the cause of Coronavirus Disease 2019
(COVID-19), many studies have been conducted on
the interaction between this virus and the human
immune system (1). Epidemiological and clinical studies
indicate that infected individuals progress through four
symptomatic stages: asymptomatic, mild, moderate,
and severe. The last two stages require hospitalization
in a specialized ward (2). Immune cell defects, especially
in lymphocytes and neutrophils, correlate with the
pro-inflammatory cytokine storm associated with disease
severity (3).

The main subtypes of T lymphocytes include T-helper

type 1 (Tht), T-helper type 2 (Th2), and T-helper type 17
(Th17) (4). Cytokines and transcription factors play crucial
roles in the development of T-helper cell lineages. For
instance, Th2 cell development requires interleukin (IL)-4,
IL-5, and the transcription factor GATA-3 (GATA-binding
protein-3). Additionally, Th17 cell development relies on
IL-6,1L-21,and IL-23, along with retinoic acid-related orphan
receptor (ROR)-yt and signal transducer and activator of
transcription 3 (STAT3). Conversely, T-bet is a Thi-specific
transcription factor essential for CD8 and NKT cell function
(5). Thi responses and the clearance of SARS-CoV-2
require a combination of IL-12 and interferon-gamma
(IFN-y) cytokines. Together with macrophages, B cells,
NK cells, and CD8+ T cells mediate the immune response
to infection (5, 6). However, Th17 responses may also
contribute to lung injury and mortality in COVID-19 by
stimulating Th2 responses and suppressing Treg cells
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(7). Moreover, the number of peripheral blood CD8+ T
cells decreases in COVID-19 patients, which may facilitate
greater viral replication and faster spread (8).

2. Objectives

In the current study, we evaluated the frequency of T
cell subtypes and the levels of related serum cytokines in
moderate and severe COVID-19 patients.

3. Methods

3.1. Inclusion and Exclusion Criteria

All patients were confirmed as COVID-19 positive for the
SARS-CoV-2 virus at the time of admission using real-time
reverse transcriptase polymerase chain reaction (RT-PCR)
based on nasal and pharyngeal swabs (NPS), following
the world health organization (WHO) guidelines (9).
Moderate and severe COVID-19 patients were categorized
based on national guidelines (10). This study enrolled
46 COVID-19 patients (30 severe and 16 moderate) and 13
healthy controls (HCs) of similar age and sex between
August and December 2022 in Tehran, Iran. None of the
participants had received COVID-19 vaccines. Exclusion
criteria included the presence of hematological diseases,
such as chronic myeloid leukemia (CML) or chronic
lymphocytic leukemia (CLL), individuals undergoing
blood transfusions, patients with immunodeficiency, and
individuals who had received the vaccine.

3.2. Data Collection

Upon admission to the hospital, COVID-19 patients
underwent hematological and biochemical blood
tests, including a complete blood count (CBC) and
serum biochemical parameter evaluation. Three
milliliters of whole blood were collected in tubes
containing ethylenediaminetetraacetic acid (EDTA) as
an anticoagulant for the assessment of immune cell
phenotypes using flow cytometry (FACS-Calibure, BD
Biosciences, San Diego, CA, USA). An additional 2 mL of
whole blood was collected in tubes without anticoagulants
for serum cytokine determination.

3.3. Isolation of Peripheral Blood Mononuclear Cells (PBMCs)
and Flow Cytometry

Following the acquisition of informed consent, 3
mL of whole blood was collected from each participant
using tubes containing ethylene-diamine-tetra-acetic acid
(EDTA) as an anticoagulant. Subsequently, the collected
blood samples underwent the separation of PBMCs based
on their density through centrifugation over lymphoprep

(Ficoll-Paque, BAG Health Care GmbH, Germany, Cat No:
70125) (11), with a specific density of 1.076 g/mL, for the
analysis of T cell subtypes. An additional 2 mL of whole
blood was harvested in tubes without anticoagulants to
determine serum levels of IL-5, IL-6, IL-2, and IFN-y by ELISA
(R&D Systems, Minneapolis, MN, USA). Clinical history,
laboratory analyses, previous diseases, and comorbidities
were reviewed from medical records.

Surface and intracellular markers of T cell subsets (Thi,
Th2, Thi17, cytotoxic T lymphocyte (CTL)) were evaluated
among isolated PBMC cells as previously described (12, 13).
For surface staining, after cell counting, 5x105 cells were
seeded into FACS staining buffer (PBS 1x, Sodium azide
0.01%, and BSA 1%) with antibodies for 30 min at 4°C. For
intracellular staining, cells (1 x 10°) were incubated with
1x fixation and permeabilization solution (BD Biosciences,
San Diego, USA) for 15 min at 4°C. Subsequently, the cells
were washed with cold PBS 1X, and intracellular staining
was performed by adding the relevant antibody for 30
min at 4°C. Ten thousand events were captured using
FACS Calibur (BD Biosciences) and analyzed using Flow]o
Software version 10 (BD Biosciences, San Diego, USA).

The concentrations of serum IL-2, IL-5, IL-6, and IFN-y
were measured using an enzyme-linked immunosorbent
assay (ELISA) kit (R&D Systems, Minneapolis, MN, US)
following the manufacturer’s instructions. The IL-2
Quantikine ELISA Kit had a sensitivity of 7 pg/mL and
specificity for Natural recombinant human IL-2, with an
assay range of 31.2 - 2 000 pg/mL. The IL-5 Quantikine
ELISA Kit had a sensitivity of 1.08 pg/mL and specificity
for Natural recombinant human IL-5, with an assay range
of 3.9 - 250 pg/mL. The Human IL-6 Quantikine ELISA Kit
had a sensitivity of 0.7 pg/mL and specificity for Natural
recombinant human IL-6, with an assay range of 3. -
300 pg/mL. The Human IFN-y Quantikine ELISA Kit had
a sensitivity of 5.69 pg/mL and specificity for Natural
recombinant human IFN-y, with an assay range of 15.6 -
1,000 pg/mL.

3.4. Data Analysis

Data with a normal distribution were presented as
mean + standard deviation, while data with a non-normal
distribution were expressed as median. To compare
the two groups, either a T-test or Mann-Whitney U test
was employed, depending on the data distribution,
for comparisons involving more than two groups, a
Kruskal-Wallis test with post-test analysis was conducted.
The correlation between variables was assessed using a
correlation matrix test. Receiver operation characteristic
(ROC) curves were utilized to assess the ability of each
variable to differentiate between patients and the HC
group. The cut-off value for the diagnostic parameters
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and the area under the ROC curve (AUC) were determined
based on the maximum Jordan index. A P-value < 0.05 was
considered statistically significant for all tests. GraphPad
Prism software (version 8.0.2) processed and analyzed all
the data.

4. Results

4.1. Demographic Information of Patients with COVID-19 and
Healthy Control Subjects

The mean age of patients across the study groups
showed limited variation, with no significant differences
observed between the groups. Patients with severe disease
had anaverage age of 54.2 + 14 years, those in the moderate
group had an average age of 44.6 £ 12 years,and HCs had an
average age of 39 11 years.

4.2. Clinical Characteristics of COVID-19 Patients

Comorbidities, including diabetes, hypertension,
and thyroid disease, were present in all severe cases and
in 50% (8/16) of moderate cases (Table 1). Patients with
severe disease exhibited a significantly higher incidence
of fatigue, fever, and shortness of breath compared
to those with moderate disease (Table 1). Additionally,
30% (12/30) of severe disease patients experienced
fungal and bacterial infections, including Candida spp,
Staphylococcus spp, and Pseudomonas, whereas HC and
patients with moderate disease had no such infections
(0/13 (0%) and 016 (0%), respectively). Blood analysis
of severe patients revealed significant lymphopenia
(P-value < 0.001) compared to moderate patients and
significant eosinophilia (P-value < 0.01) compared to
HC (Table 1). Patients with comorbidities exhibited a
lower frequency of blood lymphocytes (P-value < 0.001)
(Table 2). Furthermore, severe patients had significantly
higher levels of hemoglobin A1C (A1C), cholesterol (Chol),
triglycerides (TG), low-density lipoprotein (LDL), Ferritin,
Lactate Dehydrogenase (LDH), Prothrombin time (PT),
and C-reactive protein (CRP), as well as D-Dimer (P-value <
0.01). In contrast, albumin (ALB) and phosphorus (P) levels
were significantly lower in severe patients compared to
the moderate group (P-value < 0.01) (Table 3).

The gating strategy for determining the population
frequencies of T cells, specifically CD4+T-bet+ cells,
CD4+GATA3+ cells, CD4+RORYt+ cells, and CD8+T-bet+
cells representing Thi cells, Th2 cells, Thi7 cells, and
CTLs, is illustrated in Figure 1. The median frequency
of CD4+T-bet+ cells in the moderate group (2.3%) was
higher than in the HC group (0.17%) and severe patients
(0.47%), but this difference was not statistically significant
(P > 0.05). The median frequency of CD4+GATA-3+ cells
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in patients with severe disease was significantly lower
compared to the levels observed in the moderate COVID-19
and HC groups (0.69%, P-value < 0.05% and 9.3%, P-value >
0.05), respectively (Table 4 and Figure 2A).

The median frequency of CD4+ROR-yt+ cells in
the moderate and severe groups was 13.2% and 8.5%,
respectively, which was lower than in the HC group
(P ~ 0.05, graph not shown). The median frequency
of CD8+T-bet+ cells in the severe group was 0.14%,
significantly lower than in the other groups (P < 0.01,
Table 4 and Figure 2B).

In this severe COVID-19 patient cohort, we assessed
the distribution of T cell subtypes by determining the
optimal cut-off points for sensitivity and specificity using
ROC curve analysis. The area under the curve (AUC)
is a measure of the accuracy of diagnostic tests. The
closer the ROC curve is to the upper-left corner of the
diagram, where sensitivity equals 1, and the false-positive
rate equals 0 (specificity equals 1), the better the test’s
accuracy. An ideal ROC curve has an AUC of 1.0. A guide for
classifying the accuracy of a diagnostic test based on AUC
values is as follows: an AUC between 0.9 and 1.0 indicates
excellent discrimination ability, an AUC greater than 0.7
is considered good, and an AUC between 0.6 and 0.7 is
deemed sufficient for test accuracy (14).

None of the T cell subsets significantly correlated
significantly with progressive COVID-19 disease (Figure 3A).
For CD4+Tbet+ cells, the calculated cutoff value was 0.58%
(Figure3), resulting in a sensitivity of 69% (CI: 54 to 81%)and
specificity of 66.6% (CI:39 to 86%). The optimal cutoff value
for CD4+GATA3+ cells was 0.62%, and ROC curve analysis
indicated a sensitivity of 63% (CI: 48 to 75%) and specificity
of 58% (CI: 32 to 80%) when compared to the HC group
(Figure 3A).

For CD4+Rorgt+ cells, the cutoff value was calculated
to be 0.62% (Figure 3), resulting in a sensitivity of 57%
(CI: 42 to 70%) and specificity of 69.6% (CI: 42 to 87%). As
for CD8+ Tbet+ cells, the cutoff value was determined as
0.6%. ROC curve analysis indicated a sensitivity of 81.8% (CI:
68 to 90%) and specificity of 53.8% (CI: 29 to 76%) (Figure
3A). When combining CD4+Rorgt+ cells (AUC: 0.62) with
Th2 (AUC: 0.62) in ROC analysis, it exhibited the highest
sensitivity and specificity for identifying group differences
(Figure 3A). No statistical difference was found with other
combinations of cells (data not shown).

Furthermore, when comparing severe patient cases
to moderate patient cases, the best cut-off value for
CD8+Tbet+ cells was determined (AUC = 0.88%) with a
Likelihood ratio of 3.3. At this cut-off value, ROC curve
analysis yielded a sensitivity of 82.14% (CI: 64.14 to 92.2%)
and a specificity of 75% (CI: 50.5 to 89.9%) (Figure 3B).
For Th2 cells, the cutoff value was calculated at 2.93%
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Table 1. Clinical Characteristics of COVID-19 Patients

Variables Healthy Controls Moderate Group P-Value of Moderate Group Severe Group P-Value of Healthy Controls
vs. Healthy Controls vs. Severe Group
Diabetes 2(5) 2(12) NS 12 (40) < 0.05
Hypertension 0(0) (25) < 0.05 20(66) < 0.01
Thyroid disease 4(10) 4(26) NS 8(26) NS
Fungi infection 0(0) 0 NS 8(26) < 0.01
Bacterial infection 0(0) 0 NS 4(13) < 0.01
Fever > 38.5°C 0(0) 0(0) NS 30 (100) < 0.001
Fatigue 0(0) 8(50) < 0.05 27(90) < 0.05
Cough 0(0) 10 (~ 62) < 0.05 28(93) NS
Shortness of breath 0(0) 4(26) < 0.05 15 (50) < 0.01
Lymphopenia 0(0) 5(32) < 0.01 30(100) < 0.001
Thrombocytopenia 0(0) 3(19) NS 12 (40) < 0.05
Neutrophilia 0(0) 3(19) NS 22(75) < 0.001
Absolute count of white 8.8+ 1.03 82+3 NS 8.9+ 4 NS
blood cells, mean x 10°/L
Neutrophil counts 60 76 NS 87 NS
Lymphocyte counts 44+ 4 2212+ 10 < 0.05 122+9 < 0.05
Eosinophil counts 1+ 0.2 13+ 0.1 NS 1.9+ 0.08 < 0.01

Abbreviation: NS, non-significant.
2 Values are presented as mean + standard error of the mean (SEM) or No. (%).
b p.values were obtained using the t-test.

Table 2. Correlation of Co-morbidities with the Frequency of Lymphocytes * b

Variables Patients without Comorbities  Patients with Comorbities  P-Value of Moderate Group vs. Severe Group
Number of patients 23(50) 23(50) < 0.05
Absolute count of white blood cells, mean 6.8+ 0.6 438+ 0.5 < 0.05
9
X 10°[L
Lymphocyte counts, % 32%3 8.4%1 < 0.001

? Values are presented as mean * standard error of the mean (SEM) or No. (%).
b p.values were obtained using the t-test.

(Figure 3B), resulting in a sensitivity of 73.3% (CI: 55.7
to 88.81%) and specificity of 75% (CI: 50.8 to 82.2%). The
optimal cutoff value for CD4+Rorgt+ cells was 2.33%, and
ROC curve analysis showed a sensitivity of 62.7% (CI: 44
to 77%) and specificity of 73.3% (CI: 48 to 89%) when
compared to moderate patients (Figure 3B). For CD4+Tbet+
cells, the cutoff value was determined as 1.67%. ROC
curve calculation revealed a sensitivity of 73.8% (CI: 53.5
to 86.4%) and specificity of 56% (CI: 33.9 to 76.11%) (Figure
3B). The combination of CD4+Gata3+ cells (AUC 0.78) and
CTL (AUC 0.8) in ROC analysis also demonstrated the
highest sensitivity and specificity for identifying group
differences.

Serum cytokine levels, including IL-2, [FN-g, IL-6, and
IL-5, were assessed in the studied groups. Severe COVID-19

patients exhibited significantly lower serum levels of IFN-g
and IL-2 and higher serum levels of IL-5 compared to the HC
group (Table 5 and Figure 4, both P < 0.05). Additionally, in
severe patients compared to moderate patients, there was
a significantly lower level of serum IL-2 and a higher level
of serum IL-6 (Table 5 and Figure 4, both P < 0.05).

5. Discussion

In this pilot study, we investigated the frequencies of
T cell subsets and the related cytokine concentrations in
both moderate and severe COVID-19 patients. Various
mechanisms that may lead to the development of
lymphopenia in COVID-19 patients have been documented
in several studies. However, the exact causes of this
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Table 3. Mean Serum Biochemical Values of Different Variables in Healthy Controls and COVID-19 Patients *

Variables Healthy Controls  Moderate Group P-Value of Healthy Severe Group P-Value of Healthy P-Value of Moderate
Controls vs. Moderate Controls vs. Severe Group vs. Severe Group
Group Group

A1C, % 6.1+ 0.9 71+ 0.5 < 0.05 9.65+ 0.8 < 0.01 < 0.05
ALB, g/dL 4+ 02 3.45+ 0.27 NS 321+ 034 < 0.05 < 0.05
AST, U[L 36+5 43+ 8.1 NS 64+ 14.2 < 0.05 NS
Chol, mg/dL 155+ 23 173+ 17 NS 238+ 28 < 0.05 < 0.05
CRP, mg|L 4+ 4.6 18t 6 < 0.05 57+ 10 < 0.01 < 0.01
CPK, U/L 129+ 33 196+ 18 < 0.05 229+ 18 < 0.05 NS
D-DIMER, mg|L 120+ 16 168+ 20 < 0.05 263+ 35.8 < 0.01 < 0.01
Ferritin, mg/L 124+ 35 190 + 29 < 0.05 290+ 39 < 0.05 < 0.05
HG, g/L 133+7 19+ 3.2 NS 105+ 7.4 < 0.05 NS
K, g/dL 37103 4.1+ 0.26 < 0.05 4.6+ 0.32 < 0.05 NS
LDH, U/L 284+ 59 363+ 24 NS 539+ 39 < 0.05 < 0.05
LDL, mg/dL 120+ 23 140+ 13 NS 196 + 22 < 0.05 < 0.05
MLR, % 0.2+ 0.03 0.3+ 0.06 NS 036+ 0.13 < 0.05 NS
NIR, % 1.58+ 0.3 1.68+ 0.42 NS 293t 15 < 0.05 NS
0, sat, % 955 79t 1 NS 58+ 16 < 0.05 < 0.05
P, g/dL 35+ 0.8 326+ 0.43 NS 228+ 032 < 0.05 < 0.05
PLR, % 113+ 20 146+ 26 NS 173+ 45 < 0.05 NS
PT, s 125+ 0.5 132+ 1.4 NS 22+ 3.21 < 0.05 < 0.01
TG, mg/dL 163+ 30 185+ 11 NS 270+ 33 < 0.05 < 0.05

Abbreviations: AIC, hemoglobin AIC; ALB, albumin; AST, aspartate transaminase; Chol, cholesterol; CRP, C-reactive protein; CPK, creatine phosphokinase; HG,
hemoglobin; K, potassium; LDH, lactate dehydrogenase; LDL, low-density lipoprotein; MLR, monocyte-to-lymphocyte ratio; NLR, neutrophil-to-lymphocyte ratio; 02
sat, oxygen saturation; P, phosphorus; PLR, platelet-to-lymphocyte ratio; PT, prothrombin time; TG, triglyceride; NS, non-significant.

2 Values are presented as mean or median + standard error of the mean (SEM), and differences between groups were assessed by the t-test.

Table 4. Frequencies of CD4+Tbet+, CD4+GATA3+, CD4+ROR-yt+, and CD8+T-bet+ T cells in the Healthy Control, Moderate, and Severe COVID-19 Cases

Variables Healthy Moderate Group P-Value of Severe Group (n P-Value Healthy P-Value of P-Value of MFI P-Value of MFI P-Value of MFI
Controls (n=13) (n=16) Healthy =30) Controls vs. Moderate vs. Healthy Healthy Moderate and
Controls vs. Severe Group Severe Cases Controls & Controls vs. Severe Groups
Moderate Group Moderate Severe Group
CD4+Tbet+ 0.17(0-60) 23(0.01-37.8) NS 0.47(0-26.5) NS NS NS NS NS
CD4+GATA3+ 11(0.01- 63) 9.3(0.07-583) NS 0.69(0-25.2) NS < 0.01 NS NS < 0.05
CD4+ROR-yt+ 18.4(0.11-59.9) 13.2(0.4-43) NS 8.5(0.4-30.7) NS NS NS NS NS
CD8+Tbet+ 4.8(0-36.5) 4.5(0.09-16) NS 0.14(0-4.4) < 0.05 < 0.001 NS < 0.05 < o.01

Abbreviations: MFI, mean of fluorescence intensity; NS, non-significant.

2 Values are presented as the median and 5 to 95% percentile and comparisons were made between the healthy control and moderate and severe groups using the Mann-Whitney U test.

phenomenon are not yet fully understood, although some
reports suggest that it may be due to the direct infection
of lymphocytes or the inhibition of bone marrow by
the antiviral response. From a molecular immunology
perspective, dysfunctional activation of dendritic cells
and the presence of cytokines, such as IL-6, which act as
negative regulators of proliferation, may also contribute
to lymphopenia. Interestingly, a reverse correlation
between neutrophil and lymphocyte counts has been
observed in COVID-19 patients, suggesting that factors

Jundishapur ] Microbiol. 2024; 17(1):e143256.

associated with the exacerbation of innate responses may
trigger lymphopenia (15).

Our investigation revealed that the frequency of
CD4+GATA3+ cells was significantly decreased in both
hospitalized patient groups compared to the HC. Th2
cells play a major role in the induction and persistence of
respiratory diseases. Interleukin 5 is one of the cytokines
produced by T-helper cells, ILCs, and B-cells. IL5 has a
major role in targeting eosinophils and their precursors
(16).
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Figure 1. Flow cytometry analysis results. Lymphocytes were gated based on side and forward scatter, followed by the counting of CD4, CD8, Tbet, Gata3, RORgt, and other cell

types, including CD4+T-bet+ cells, CD4+GATA3+ cells, CD4+RORgt+ cells, and CD8+T-bet+ cells.

Table 5. Serum Cytokine Concentrations *

Cytokine, Pg/mL Healthy Controls Moderate Group P value Healthy Severe Group (n= P-Value Healthy P-Value of

(n=13) (n=16) Controls vs. 30) Controls vs. Severe Moderate Group
Moderate Group Cases vs. Severe Group

Interleukin -2 17.6 (14 - 21) 11.3(6-18) < 0.001 83(7-13.4) < 0.001 < 0.05

Interleukin -5 5(3-7) 5.8(0.2-9.1) NS 733(11-9) < 0.05 NS

Interferon-gamma 7.4(3-10) 4(1.4-14) NS 3.75(1.3-8.2) < 0.001 NS

(IEN-y)

Interleukin -6 14.2(9-19) 71.6 (27-85) < 0.001 164.8 (4 -717) < 0.01 NS

Abbreviation: NS, non-significant.

? Values are presented as the median, and comparisons made between healthy controls and patients were performed using the Mann-Whitney U test.

In this pilot study, we investigated the frequencies
of T cell subsets and the related cytokine concentrations
in moderate and severe COVID-19 patients. Coronavirus
infections in humans exhibit weak adaptive immune
responses (17), which may be due to an insufficient T
cell response for interacting with B cells and inducing

antibodies (18). The dysregulation of T cells can be caused
by various factors, such as the release of granulocytes
like neutrophils and myeloid cells (19). Additionally, a
positive correlation between neutrophils and acute-phase
proteins (APPs) has been found in active viral infections.
The production of APPs, such as ferritin and CRP, stimulates
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Figure 2. Frequencies of CD4+GATA3+ (A) cells and CD8+Tbet+ (B) cells in whole blood of COVID-19 patients. Values are presented as the median and 5 - 95% percentile, and
comparisons were made between the healthy control and moderate and severe groups using the Mann-Whitney U test: HC (n =13), moderate (n =16), and severe (n =30). *P

< 0.05,*P < 0.01,**P < 0.001,and ***P < 0.0001. NS, non-significant.

both pro and anti-coagulative pathways, leading to the
induction of apoptosis in lymphocytes (20).

Although the number of T-helper 2 cells has decreased
in hospitalized patients, the concentration of IL-5 has
somewhat increased with the severity of the disease. Other
sources of secretion of this interleukin may be involved.
Moreover, increased levels of cytokines, such as IL-5, which
can inhibit the inflammatory Thi cells and leukocytes (21),
were observed. In line with this, Huang et al.’s study
showed that the serum level of IL-5 was increased in
hospitalized COVID-19 patients (22).

To our knowledge, this is the first report that
demonstrates an increased frequency of CD4+T-bet+ T
cells in moderate COVID-19 patients, indicating that a
longer duration of infection may exhaust T cells and
reduce their numbers in severe patients. According to
our data, we observed low frequencies of CD4+Tbet+
and CD4+RORgt+ T cells in the blood of ICU hospitalized
patients. Thi cells play a crucial role in combating
intracellular pathogens, primarily secreting IFN-y and IL2.
IFN7 is essential for activating macrophages to enhance
their phagocytic activity, while Th17 cells are necessary
to stimulate an immune response against extracellular
bacteria and fungi (16). Moreover, the frequencies of
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blood CD4+ and CD8+ T cells were significantly reduced
in ICU severe COVID-19 patients (23). This suggests a shift
of cells from the systemic circulation to other organs,
such as the respiratory system (24). ROC curve analysis
for CTL (CD8+T-bet+) subtype in the current study shows
a significant correlation with the severity of COVID-19. We
observed a positive association between CD8+T-bet+ cells
(AUC=0.8) and the severity of COVID-19. In line with this,
earlier data has shown a strong link between CD8+ T cells
and the severity of COVID-19 (25).

Cytokines, such as IL-6, IP-10, IL-4, and IL-13, may
play important roles in the pathogenesis of COVID-19
(26-28). Additionally, there is a documented correlation
between blood IL-5 and IL-6 levels with the severity of
COVID-19 (29). Elevated IL-5 may indicate activation of
type 2 immunity, which is commonly observed during
inflammatory responses and fibrosis (30). IFN-y, a
type Il IFN produced by natural killer (NK) cells and T
lymphocytes, is crucial in immunological responses for
antiviral defense (31). IFN-y reduces virus replication and
activates CTL-killing activity (32). However, persistently
high levels of IFN-y can increase tissue injury and organ
failure (33). Like our study, several studies have observed
distinct immunological dysfunction in moderate and
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Figure 3. A, Receiver operator characteristic (ROC) analysis for healthy controls vs. COVID-19 Patients; B, ROC analysis for moderate vs. severe patients. To assess the diagnostic
effectiveness of the measured parameters in predicting mortality, we compared sensitivities and specificities at the optimal cut-off values determined through ROC analysis
between healthy controls and patients. The figure shows ROC curves of immune indices to discriminate between healthy controls and COVID-19 patients, showing the accuracy
of lymphocytes, CD4+Tbet, CD4+GATA3+, CD4+RORgt+, and CD8+Tbet+ cells in predicting various outcomes.

severe disease, with reduced expression of IFN-y by CD4+
T, CD8+ T, and NK cells (34). In contrast, some studies have
reported increased concentrations of IFN-y in COVID-19
patients compared to healthy controls (23).

Various cytokines present inside and around cells play
a critical role in differentiating T helper cells into various
subtypes. IFN-, for instance, plays a crucial role in shaping
TH1 development and preventing TH2 differentiation,
while IL-4 and IL-5 are essential for promoting TH2
proliferation and suppressing TH1 expansion.  This
delicate interplay between TH1 and TH2 cells influences
disease outcomes by establishing a balance between

them. This balance directly impacts the development of
disorders and our susceptibility to diseases. In our study,
we observed increased levels of IL-5 and IL-6, along with
decreased levels of IFN-y (TH1/TH2), which are responsible
for reducing cell-mediated immunity and promoting the
production of serum antibodies in COVID-19 patients. This
suggests that their immune response may lean towards
antibody-mediated effects rather than cell-mediated
effects. Consequently, the decrease in lymphocyte counts
observed in our study could indicate an imbalance in
the TH1/TH2 ratio and an increase in B cell growth. The
activation of IL-4 and IL-5-producing CD4+ T cells and the
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Figure 4. Cytokine levels in moderate and severe COVID-19 patients. Serum cytokine levels were assessed in the harvested serum of participants and analyzed by the ELISA
method. A, IL-2 levels decreased in severe patients compared to healthy controls; B, IL-5 release significantly increased between healthy controls and the severe group; C, IFN-y
Levels significantly decreased between healthy controls and severe patients; D, IL-6 levels significantly increased between healthy controls and patients. Values are presented
as the median and 5% - 95% percentile, and comparisons made between healthy controls (n =13) and the moderate (n =16) and severe (n =30) patients were performed by the
Mann-Whitney U test. *P < 0.05,**P < 0.01, ***P < 0.001,and ***P < 0.0001. NS, non-significant.

suppression of IFN-y-producing CD4+ T cells by IL-6 may
contribute to this imbalance.

On the other hand, TH1, mediated by IFN-v, plays a
role in specific defense mechanisms against antigens at
the epithelial surface, which is associated with various
inflammatory airway conditions. Studies have shown
that IFN-y also regulates the effectiveness of antigen
presentation. Another reason for these differences in
cytokine concentration may be related to the length
of time the patients were hospitalized and the timing
of sample collection, as observed in other chronic
viral diseases where prolonged disease duration can
lead to T cell exhaustion. However, to establish the
validity of these signatures and genetic disparities, it
is necessary to conduct a more extensive examination
using a larger sample size. IL-2 is an essential cytokine for
the proliferation and activation of T cells (35). However,
in our study, we found a significant decrease in serum
IL-2 in severe COVID-19 patients, which may suggest that
the decreased frequency of T cells could result from
insufficient IL-2 signaling (35).

Our study reveals that in severe patients, increased
cytokines such as IL-5 and IL-6 indicate the dysregulation
of the immune system. The type and levels of cytokines
changed based on the time of analysis and the severity of
the disease. However, several limitations were present in
the current study, including a small number of patients
due to a lack of funds and the arbitrary use of drugs by
patients, leading to the exclusion of many patients from
the study. Additionally, due to COVID-19-related public
and hospital restrictions, we could not obtain the blood
lymphocyte status of all patients after their release from
the hospital. This study observed abnormalities in ALB, AST,
CRP, and LDH levels in COVID-19 patients, in line with six

Jundishapur | Microbiol. 2024; 17(1):e143256.

previous studies (36).

5.1. Conclusions

In conclusion, we cannot make definitive conclusions
due to the small sample size and limitations in equipment
and financial resources in Iran. However, our study
suggests that in moderate patients, the frequency of
CD4+Tbet+ T cells increased among the investigated T cell
subtypes. Conversely, with the severity of the disease, the
blood frequency of these cells decreased. Accumulation of
Tlymphocytes typically leads to progressive inflammation
of infected organs, and SARS-CoV-2 can infect lung
epithelial cells and mobilize cytotoxic T cells in the lungs.
While T cells contribute significantly to virus control in
the lungs during early infection stages, persistent T cell
cytotoxicity may also contribute to organ damage. Our
data may suggest that as the disease severity increases,
factors such as apoptosis or exhaustion reduce the
frequency of T cell subtypes in the blood. Thus, the reduced
frequency of CTL cells in the blood may correspond to the
severity of COVID-19 disease, as observed in hepatitis and
HIV infections (37).

Acknowledgments

The authors acknowledge all participants of the study.
This project is part of a PhD thesis (29754) supported by
the Shahid Beheshti University of Medical Sciences, Tehran,
Iran.

Footnotes

Authors’ Contribution: HS performed the experiments
and wrote the first draft of the paper, FK assisted in



ShahiHet al.

the experimental procedures, and EM designed the
experiments and wrote and revised the paper and
comments.

Conflict of Interests: The authors declared that they have
no conflicts of interests.

Data Availability: The dataset presented in the study
is available on request from the corresponding author
during submission or after publication.

Ethical Approval: This study was approved by the Masih
Daneshvari Hospital, affiliated with the Shahid Beheshti
University of Medical Sciences, Tehran, Iran, under the
ethics number IR.SBMU.MSP.REC.1400.523.

Funding/Support: The project was supported by a grant
(No. 29754) from the Shahid Beheshti University of Medical
Sciences.

References

10.

10

. No authors

. Sohrabi C, Alsafi Z, O'Neill N, Khan M, Kerwan A, Al-Jabir A, et al.

World Health Organization declares global emergency: A review
of the 2019 novel coronavirus (COVID-19). Int | Surg. 2020;76:71-6.
[PubMed ID: 32112977]. [PubMed Central ID: PMC7105032]. https://doi.
0rg[10.1016/j.ijsu.2020.02.034.

listed. COVID-19 updates: NIH outpatient
treatment guidelines. Med Lett Drugs Ther. 2022;64(1644):32.
[PubMed ID: 35171899)].

. Mortaz E, Tabarsi P, Jamaati H, Dalil Roofchayee N, Dezfuli NK,

Hashemian SM, et al. Increased serum levels of soluble TNF-alpha
receptor is associated with ICU mortality in COVID-19 patients. Front
Immunol. 2021;12:592727. [PubMed ID: 33968010]. [PubMed Central ID:
PMC8100036]. https://doi.org/10.3389/fimmu.2021.592727.

. Kaiko GE, Horvat JC, Beagley KW, Hansbro PM. Immunological

decision-making: how does the immune system decide to
mount a helper T-cell response? Immunology. 2008;123(3):326-38.
[PubMed ID:17983439].  [PubMed Central ID: PMC2433332].
https://doi.org[10.1111/j.1365-2567.2007.02719 X.

. Zhu ], Yamane H, Paul WE. Differentiation of effector CD4

T cell populations (*). Annu Rev Immunol. 2010;28:445-89.
[PubMed ID:20192806]. [PubMed Central ID: PMC3502616].
https://doi.org/10.1146/annurev-immunol-030409-101212.

. Kumar BV, Connors TJ, Farber DL. Human T cell development,

localization, and function throughout life. Immunity.
2018;48(2):202-13. [PubMed ID:29466753]. [PubMed Central ID:
PMC5826622]. https://doi.org/10.1016/j.immuni.2018.01.007.

. Martonik D, Parfieniuk-Kowerda A, Rogalska M, Flisiak R.
The role of Thi7 response in COVID-19. Cells. 2021;10(6).
[PubMed ID: 34205262]. [PubMed Central ID: PMC8235311].

https://doi.org[10.3390/cells10061550.

. Zheng M, Gao Y, Wang G, Song G, Liu S, Sun D, et al. Functional

exhaustion of antiviral lymphocytes in COVID-19 patients. Cell Mol
Immunol. 2020;17(5):533-5. [PubMed ID:32203188]. [PubMed Central
ID: PMC7091858]. https://doi.org[10.1038/s41423-020-0402-2.

. World Health Organization. Diagnostic testing for SARS-CoV-2. World

Health Organization; 2020.

Sommerfeld A, Reinehr R, Haussinger D. Tauroursodeoxycholate
protects rat hepatocytes from bile acid-induced apoptosis via
betal-integrin- and protein Kinase A-dependent mechanisms.
Cell Physiol Biochem. 2015;36(3):866-83. [PubMed ID:26044599].
https://doi.org[10.1159/000430262.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

Roofchayee ND, Adcock IM, Marjani M, Dezfuli NK, Varahram M,
Garssen |, etal. Thelper cell subsets in the pleural fluid of tuberculous
patients differentiate patients with non-tuberculous pleural
effusions. Front Immunol. 2021;12:780453. [PubMed ID:34925358].
[PubMed Central ID: PMC8674472]. https:|/doi.org/10.3389/fimmu.
2021.780453.

Fenoglio D, Altosole T. Transcription factor evaluation by flow
cytometry. Methods Mol Biol. 2021;2285:35-47. [PubMed ID:33928541].
https://doi.org/10.1007/978-1-0716-1311-5_3.

Broere F, van Eden W. T cell subsets and T Cell-mediated immunity.
Nijkamp and Parnham’s Principles of Inmunopharmacology. Springer;
2019. p. 23-35.

Nahm FS. Receiver operating characteristic curve: overview and
practical use for clinicians. Korean | Anesthesiol. 2022;75(1):25-36.
[PubMed ID: 35124947]. [PubMed Central ID: PMC8831439]. https://doi.
0rg(10.4097/kja.21209.

Guo Z, Zhang Z, Prajapati M, Li Y. Lymphopenia caused by virus
infections and the mechanisms beyond. Viruses. 2021;13(9).
[PubMed ID:34578457]. [PubMed Central ID: PMC8473169].
https://doi.org/10.3390/v13091876.

Thakur A, Mikkelsen H, Jungersen G. Intracellular pathogens:
Host immunity and microbial persistence strategies. | Immunol
Res. 2019;2019:1356540. [PubMed ID: 31111075). [PubMed Central ID:
PMC6487120]. https://doi.org[10.1155/2019/1356540.

Okba NMA, Raj VS, Widjaja I, GeurtsvanKessel CH, de Bruin E,
Chandler FD, et al. Sensitive and specific detection of low-level
antibody responses in mild middle east respiratory syndrome
coronavirus infections. Emerg Infect Dis. 2019;25(10):1868-77.
[PubMed ID:31423970].  [PubMed Central ID: PMC6759241].
https://doi.org[10.3201/eid2510.190051.

Zhao ], Alshukairi AN, Baharoon SA, Ahmed WA, Bokhari AA, Nehdi
AM, et al. Recovery from the Middle East respiratory syndrome is
associated with antibody and T-cell responses. Sci Immunol. 2017;2(14).
[PubMed ID: 28778905].[PubMed Central ID: PMC5576145]. https://doi.
org(10.1126/sciimmunol.aan5393.

Barnes BJ, Adrover ]M, Baxter-Stoltzfus A, Borczuk A, Cools-Lartigue
], Crawford JM, et al. Targeting potential drivers of COVID-19:
Neutrophil extracellular traps. ] Exp Med. 2020;217(6).
[PubMed ID: 32302401]. [PubMed Central ID: PMC7161085].
https://doi.org/10.1084/jem.20200652.

Mehta P, McAuley DF, Brown M, Sanchez E, Tattersall RS,
Manson J], et al. COVID-19: consider cytokine storm syndromes
and immunosuppression.  Lancet. 2020;395(10229):1033-4.
[PubMed ID: 32192578]. [PubMed Central ID: PMC7270045].
https://doi.org[10.1016/S0140-6736(20)30628-0.

Ye Q, Wang B, Mao J. The pathogenesis and treatment of the Cytokine
Storm in COVID-19. ] Infect. 2020;80(6):607-13. [PubMed ID: 32283152].
[PubMed Central ID: PMC7194613]. https://doi.org/10.1016/j.jinf.2020.
03.037.

Huang C, Wang Y, Li X, Ren L, Zhao ], Hu Y, et al. Clinical features
of patients infected with 2019 novel coronavirus in Wuhan,
China. Lancet. 2020;395(10223):497-506. [PubMed ID:31986264].
[PubMed Central ID: PMC7159299]. https://doi.org/10.1016/S0140-
6736(20)30183-5.

Diao B, Wang C, Tan Y, Chen X, Liu Y, Ning L, et al. Reduction and
functional exhaustion of T cells in patients with coronavirus disease
2019 (COVID-19). Front Immunol. 2020;11:827. [PubMed ID: 32425950].
[PubMed Central ID: PMC7205903]. https://doi.org/10.3389/fimmu.
2020.00827.

Ronit A, Berg RMG, Bay JT, Haugaard AK, Ahlstrom MG, Burgdorf KS,
etal. Compartmental immunophenotyping in COVID-19 ARDS: A case
series. ] Allergy Clin Immunol. 2021;147(1):81-91. [PubMed ID: 32979342].
[PubMed Central ID: PMC7581505]. https:[/doi.org[10.1016/j.jaci.2020.
09.009.

Caldrer S, Mazzi C, Bernardi M, Prato M, Ronzoni N, Rodari
P, et al. Regulatory T cells as predictors of clinical course in

Jundishapur ] Microbiol. 2024; 17(1):e143256.


https://ethics.research.ac.ir/EthicsProposalView.php?id=228139
http://www.ncbi.nlm.nih.gov/pubmed/32112977
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7105032
https://doi.org/10.1016/j.ijsu.2020.02.034
https://doi.org/10.1016/j.ijsu.2020.02.034
http://www.ncbi.nlm.nih.gov/pubmed/35171899
http://www.ncbi.nlm.nih.gov/pubmed/33968010
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8100036
https://doi.org/10.3389/fimmu.2021.592727
http://www.ncbi.nlm.nih.gov/pubmed/17983439
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2433332
https://doi.org/10.1111/j.1365-2567.2007.02719.x
http://www.ncbi.nlm.nih.gov/pubmed/20192806
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3502616
https://doi.org/10.1146/annurev-immunol-030409-101212
http://www.ncbi.nlm.nih.gov/pubmed/29466753
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5826622
https://doi.org/10.1016/j.immuni.2018.01.007
http://www.ncbi.nlm.nih.gov/pubmed/34205262
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8235311
https://doi.org/10.3390/cells10061550
http://www.ncbi.nlm.nih.gov/pubmed/32203188
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7091858
https://doi.org/10.1038/s41423-020-0402-2
http://www.ncbi.nlm.nih.gov/pubmed/26044599
https://doi.org/10.1159/000430262
http://www.ncbi.nlm.nih.gov/pubmed/34925358
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8674472
https://doi.org/10.3389/fimmu.2021.780453
https://doi.org/10.3389/fimmu.2021.780453
http://www.ncbi.nlm.nih.gov/pubmed/33928541
https://doi.org/10.1007/978-1-0716-1311-5_3
http://www.ncbi.nlm.nih.gov/pubmed/35124947
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8831439
https://doi.org/10.4097/kja.21209
https://doi.org/10.4097/kja.21209
http://www.ncbi.nlm.nih.gov/pubmed/34578457
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8473169
https://doi.org/10.3390/v13091876
http://www.ncbi.nlm.nih.gov/pubmed/31111075
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6487120
https://doi.org/10.1155/2019/1356540
http://www.ncbi.nlm.nih.gov/pubmed/31423970
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6759241
https://doi.org/10.3201/eid2510.190051
http://www.ncbi.nlm.nih.gov/pubmed/28778905
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5576145
https://doi.org/10.1126/sciimmunol.aan5393
https://doi.org/10.1126/sciimmunol.aan5393
http://www.ncbi.nlm.nih.gov/pubmed/32302401
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7161085
https://doi.org/10.1084/jem.20200652
http://www.ncbi.nlm.nih.gov/pubmed/32192578
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7270045
https://doi.org/10.1016/S0140-6736(20)30628-0
http://www.ncbi.nlm.nih.gov/pubmed/32283152
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7194613
https://doi.org/10.1016/j.jinf.2020.03.037
https://doi.org/10.1016/j.jinf.2020.03.037
http://www.ncbi.nlm.nih.gov/pubmed/31986264
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7159299
https://doi.org/10.1016/S0140-6736(20)30183-5
https://doi.org/10.1016/S0140-6736(20)30183-5
http://www.ncbi.nlm.nih.gov/pubmed/32425950
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7205903
https://doi.org/10.3389/fimmu.2020.00827
https://doi.org/10.3389/fimmu.2020.00827
http://www.ncbi.nlm.nih.gov/pubmed/32979342
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7581505
https://doi.org/10.1016/j.jaci.2020.09.009
https://doi.org/10.1016/j.jaci.2020.09.009

ShahiHetal.

26.

27.

28.

20.

30.

31

32.

hospitalised COVID-19 patients. Front Immunol. 2021;12:789735.
[PubMed ID: 34925369]. [PubMed Central ID: PMC8674838].
https:|/doi.org[10.3389/fimmu.2021.789735.

Guo Y, Hu K, Li Y, Lu C, Ling K, Cai C, et al. Targeting TNF-alpha
for COVID-19: recent advanced and controversies. Front Public
Health. 2022;10:833967. [PubMed ID: 35223745]. [PubMed Central ID:
PMC8873570]. https://doi.org/10.3389/fpubh.2022.833967.

Mortaz E, Bassir A, Dalil Roofchayee N, Dezfuli NK, Jamaati H, Tabarsi
P, et al. Serum cytokine levels of COVID-19 patients after 7 days
of treatment with Favipiravir or Kaletra. Int Immunopharmacol.
2021;93:107407. [PubMed ID:33631512]. [PubMed Central ID:
PMC7826095]. https:|/doi.org[10.1016/j.intimp.2021.107407.

Mortaz E, Tabarsi P, Varahram M, Folkerts G, Adcock IM. The
immune response and immunopathology of COVID-19. Front
Immunol. 2020;11:2037. [PubMed ID: 32983152]. [PubMed Central ID:
PMC7479965]. https://doi.org/10.3389/fimmu.2020.02037.

Liu Y, Chen D, Hou ], Li H, Cao D, Guo M, et al. An inter-correlated
cytokine network identified at the center of cytokine storm predicted
COVID-19 prognosis. Cytokine. 2021;138:155365. [PubMed ID: 33246770].
[PubMed Central ID: PMC7651249]. https://doi.org/10.1016/j.cyt0.2020.
155365.

Gieseck R3, Wilson MS, Wynn TA. Type 2 immunity in tissue repair and
fibrosis. Nat Rev Immunol. 2018;18(1):62-76. [PubMed ID: 28853443].
https://doi.org/10.1038/nri.2017.90.

Robinson CM, O’Dee D, Hamilton T, Nau GJ. Cytokines involved
in interferon-gamma production by human macrophages. J Innate
Immun. 2010;2(1):56-65. [PubMed ID: 20375623]. [PubMed Central ID:
PMC2943519]. https://doi.org[10.1159/000247156.

Levy DE, Garcia-Sastre A. The virus battles: IFN induction of the
antiviral state and mechanisms of viral evasion. Cytokine Growth

Jundishapur | Microbiol. 2024; 17(1):e143256.

33.

34.

35.

36.

37.

Factor Rev. 2001;12(2-3):143-56. [PubMed ID: 11325598]. https://doi.org/
10.1016/51359-6101(00)00027-7.

Yin K, Gribbin E, Wang H. Interferon-gamma inhibition attenuates
lethality after cecal ligation and puncture in rats: implication
of high mobility group box1. Shock. 2005;24(4):396-401
[PubMed ID:16205327].  https://doi.org/10.1097/01.shk.0000175556.
03300.c6.

Chen G, Wu D, Guo W, Cao Y, Huang D, Wang H, et al. Clinical
and immunological features of severe and moderate coronavirus
disease 2019. ] Clin Invest. 2020;130(5):2620-9. [PubMed ID: 32217835].
[PubMed Central ID: PMC7190990]. https:[/doi.org[10.1172[]Cl137244.
Shi H, Wang W, Yin ], Ouyang Y, Pang L, Feng Y, et al. The inhibition
of IL-2[IL-2R gives rise to CD8(+) T cell and lymphocyte decrease
through JAK1-STATS5 in critical patients with COVID-19 pneumonia. Cell
Death Dis.2020;11(6):429. [PubMed ID: 32513989]. [PubMed Central ID:
PMC7276960]. https:|/doi.org[10.1038/s41419-020-2636-4.

Deng X, Liu B, Li ], Zhang ], Zhao Y, Xu K. Blood biochemical
characteristics of patients with coronavirus disease 2019
(COVID-19): a systemic review and meta-analysis. Clin Chem
Lab  Med. 2020;58(8):1172-81.  [PubMed ID:32554832].  https:
[/doi.org/10.1515/cclm-2020-0338.

Styczynski ], van der Velden W, Fox CP, Engelhard D, de la
Camara R, Cordonnier C, et al. Management of Epstein-Barr
Virus infections and posttransplant lymphoproliferative
disorders in patients after allogeneic hematopoietic stem cell
transplantation: Sixth European Conference on Infections in
Leukemia (ECIL-6) guidelines. Haematologica. 2016;101(7):803-11.
[PubMed ID:27365460]. [PubMed Central ID: PMC5004459].
https://doi.org/10.3324/haematol.2016.144428.

1


http://www.ncbi.nlm.nih.gov/pubmed/34925369
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8674838
https://doi.org/10.3389/fimmu.2021.789735
http://www.ncbi.nlm.nih.gov/pubmed/35223745
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8873570
https://doi.org/10.3389/fpubh.2022.833967
http://www.ncbi.nlm.nih.gov/pubmed/33631512
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7826095
https://doi.org/10.1016/j.intimp.2021.107407
http://www.ncbi.nlm.nih.gov/pubmed/32983152
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7479965
https://doi.org/10.3389/fimmu.2020.02037
http://www.ncbi.nlm.nih.gov/pubmed/33246770
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7651249
https://doi.org/10.1016/j.cyto.2020.155365
https://doi.org/10.1016/j.cyto.2020.155365
http://www.ncbi.nlm.nih.gov/pubmed/28853443
https://doi.org/10.1038/nri.2017.90
http://www.ncbi.nlm.nih.gov/pubmed/20375623
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2943519
https://doi.org/10.1159/000247156
http://www.ncbi.nlm.nih.gov/pubmed/11325598
https://doi.org/10.1016/s1359-6101(00)00027-7
https://doi.org/10.1016/s1359-6101(00)00027-7
http://www.ncbi.nlm.nih.gov/pubmed/16205327
https://doi.org/10.1097/01.shk.0000175556.03300.c6
https://doi.org/10.1097/01.shk.0000175556.03300.c6
http://www.ncbi.nlm.nih.gov/pubmed/32217835
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7190990
https://doi.org/10.1172/JCI137244
http://www.ncbi.nlm.nih.gov/pubmed/32513989
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7276960
https://doi.org/10.1038/s41419-020-2636-4
http://www.ncbi.nlm.nih.gov/pubmed/32554832
https://doi.org/10.1515/cclm-2020-0338
https://doi.org/10.1515/cclm-2020-0338
http://www.ncbi.nlm.nih.gov/pubmed/27365460
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5004459
https://doi.org/10.3324/haematol.2016.144428

	Abstract
	1. Background
	2. Objectives
	3. Methods
	3.1. Inclusion and Exclusion Criteria
	3.2. Data Collection
	3.3. Isolation of Peripheral Blood Mononuclear Cells (PBMCs) and Flow Cytometry
	3.4. Data Analysis

	4. Results
	4.1. Demographic Information of Patients with COVID-19 and Healthy Control Subjects
	4.2. Clinical Characteristics of COVID-19 Patients
	Table 1
	Table 2
	Table 3
	Figure 1
	Table 4
	Figure 2
	Figure 3
	Table 5
	Figure 4


	5. Discussion
	5.1. Conclusions

	Acknowledgments
	Footnotes
	Authors' Contribution: 
	Conflict of Interests: 
	Data Availability: 
	Ethical Approval: 
	Funding/Support: 

	References

