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A B S T R A C T   

Aims: Coronavirus disease 2019 (COVID-19) is a novel viral infection threatening worldwide health as currently 
there exists no effective treatment strategy and vaccination programs are not publicly available yet. T lym
phocytes play an important role in antiviral defenses. However, T cell frequency and functionality may be 
affected during the disease. 
Material and methods: Total blood samples were collected from patients with mild and severe COVID-19, and the 
total lymphocyte number, as well as CD4+ and CD8 + T cells were assessed using flowcytometry. Besides, the 
expression of exhausted T cell markers was evaluated. The levels of proinflammatory cytokines were also 
investigated in the serum of all patients using enzyme-linked immunesorbent assay (ELISA). Finally, the obtained 
results were analyzed along with laboratory serological reports. 
Results: COVID-19 patients showed lymphopenia and reduced CD4+ and CD8 + T cells, as well as high per
centage of PD-1 expression by T cells, especially in severe cases. Serum secretion of TNF-α, IL-1β, and IL-2 re
ceptor (IL-2R) were remarkably increased in patients with severe symptoms, as compared with healthy controls. 
Moreover, high levels of triglyceride (TG) and low density lipoprotein cholesterol (LDL-C), were correlated with 
the severity of the disease. 
Conclusion: Reduced number and function of T cells were observed in COVID-19 patients, especially in severe 
patients. Meanwhile, the secretion of proinflammatory cytokines was increased as the disease developed. High 
level of serum IL-2R was also considered as a sign of lymphopenia. Additionally, hypercholesterolemia and 
hyperlipidemia could be important prognostic factors in determining the severity of the infection.   
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1. Introduction 

Coronavirus disease 2019 (COVID-19) was officially described as 
pandemic since it distributed all over the world from December 2019. 
The virus has also been known as SARS-COV-2 due to possessing similar 
characteristics as SARS-COV, and belongs to β-lineage coronaviruses 
(Bordoni et al., 2020; Soltani-Zangbar et al., 2021). COVID-19 mani
festation varies from asymptomatic to serious clinical complications, 
such as acute respiratory distress syndrome (ARDS) or even death. So 
far, there exists no effective treatment strategy; therefore, the infected 
areas are unable to manage the outbreak effectively (Etemadi et al., 
2021; Liao et al., 2020). 

Regarding efficacious immune responses against viral infections 
which mainly depend on T cell activation, improving the function and 
number of T cells is vital for a successful recovery in COVID-19 patients 
(Braun et al., 2020; Chen et al., 2020). CD8+ cytotoxic T cells (CTLs) 
secret antiviral mediators, including perforin and granzymes, to kill 
virus-infected cells (Mescher et al., 2006). CD4+ helper T (Th) cells 
assist CTLs and B cells through secreting cytokines in order to improve 
their ability for pathogen clearance (Mullen et al., 2002). However, in 
prolonged viral infections, T cells experience a exhaustion state by the 
over expression of inhibitory signaling molecules, such as programmed 
death 1(PD-1), preventing the function of virus-specific T-cell effectors 
and the subsequent viral clearance (Fenwick et al., 2019). On the other 
side, from an immunological and pathogenic perspective cytokines 
interleukin-1 (IL-1) and IL-6 play a substantial role in initiating and 
maintaining the inflammatory response (Bhimraj et al., 2020; Shen 
et al., 2020). It has been shown that virally-induced cytokine secretion 
of tumor necrosis factor (TNF), IL-6, IL-1 and IL-2 can eventuate in 
adverse outcomes including interrupted air exchange, pulmonary edema 
and cardiac injury leading to death, unless treatment in appropriate time 
of infection (Mehra and Ruschitzka, 2020; Xu et al., 2020b). However, 
TNF-α enjoys the capability of promoting T cell apoptosis through pos
sessing interactions with its receptor, TNFR1, which shows increased 
expression in aged T cells (Aggarwal et al., 1999; Gupta et al., 2005). 
IL-2 is also essential for the function, differentiation, and proliferation of 
T cells; however, soluble IL-2 receptor (sIL-2R), namely CD25, is also 
capable of inhibiting the function and proliferation of T cells (Ross and 
Cantrell, 2018; Zhang et al., 2020). 

Despite the fact that numerous studies have focused on T cell changes 
during COVID-19 and have highlighted the differences of T cell char
acteristics in mild and severe patients, our knowledge of the factors 
contributing to the progression of the disease is limited. Besides, the 
serological features, including hyperglycerolemia and hyperlipidemia, 
may provide valuable information which could serve as prognostic 
factors. Therefore, the aim of this study was to compare T cell traits in 
patients with mild and severe COVID-19, as well as finding immuno
logical prognostic factors related to the serological features. 

2. Materials and methods 

2.1. Patients 

One hundred adult patients with approved COVID-19 disease, who 
were admitted into the general hospital of Imam Reza at Tabriz Uni
versity of Medical Sciences, Tabriz, Iran, from May until August 2020, 
were enrolled in this study. Fifty healthy individuals (aged 
52.8 ± 15.32) referring to the hospital for routine physical examination 
were also considered as controls. Total patients involved in the experi
ment were classified into two groups based on their symptoms, which 
included mild and severe (aged 51.1 ± 15.2 for severe cases and 
52.2 ± 12.46 for the mild ones). The number of participants was roughly 
equal in gender. Patients were categorized according to their severe and 
mild condition based on their general condition, hospitalization time, 
and severity of lung involvement. Patients who had severe lung 
involvement and were hospitalized more than one week were included 

in the group of SARS-CoV-2 patients with severe condition. De
mographic data, medical history and main laboratory findings from 
patients and healthy individuals were recorded. Unfortunately, the 
ethnicity of the participants is not available. Patient hospitalization was 
performed between 4–7 days after symptom onset, and peripheral blood 
samples were taken on the first day of hospitalization. These samples 
were used for both clinical and immunological assays. Patients received 
routine treatments employed for COVID-19 patients, such as anti-viral 
drugs and corticosteroids. All subjects were analyzed by routine sero
logical tests, and COVID-19 infection was confirmed by the positive 
result of throat swab samples assessed through SARS-COV2 real-time 
polymerase chain reaction (RT-PCR) and chest CT scan. The approval to 
this study was provided by Ethics committee of Tabriz University of 
Medical Sciences (IR.TBZMED.REC.1399.017). Written informed con
sent was obtained by the Ethics Commission of the designated hospital 
for emerging infectious diseases. 

2.2. Sample collection and flowcytometric analysis 

Peripheral blood sample was collected from both patients and 
healthy volunteers, which was then supplemented with anticoagulants 
(EDTA-K2) and stained with fluorescent labeled antibodies to analyze 
the number and frequency of total lymphocytes, namely CD4+ and 
CD8 + T cells. The detection of T cells was performed through 
employing human CD4-FITC (eBioscience, San Diego, CA, U.S.A), CD8- 
PE (eBioscience, San Diego, CA, U.S.A), and PD-1-APC (eBioscience, San 
Diego, CA, U.S.A) antibodies. Following staining, the cells were evalu
ated by FACS via flow cytometry Analyzer (BD Biosciences), where the 
data represented the mean of duplicate measurements. All the proced
ures of the experiments were performed under the biosafety level II plus 
condition. 

2.3. Quantification of plasma cytokine levels 

Plasma levels of IL-1β, TNF-α, and soluble IL-2R were quantified 
using ELISA kits (Mybiosource, San Diego, USA), according to the 
manufacturer’s instruction. Coating the wells of micro-titer ELISA plate 
(Maxisorp, Nunc, Roskilde, Denmark) took place at 4 ◦C overnight with 
anti-IL-1β, anti-TNF-α, and anti-sIL-2R capture antibodies (in 100 mM 
Na2HPO4 buffer, pH 9.0). The blockade of these was then performed by 
phosphate buffered-saline (PBS, pH 7.4) which contained 0.05 % 
Tween-20 and 10 % FBS. Next, the plasma of patients and healthy 
controls were added in triplicates. The process of washing of the wells 
was performed with wash buffer (PBS + 0.05 % [v/v] Tween-20) after 
2 h of incubation at 25 ◦C. Then, biotinylated mouse anti-hIL-1β mAb, 
anti-hTNF-α mAb, or anti-hsIL-2R mAb (each 1:10 dilution in 1% BSA/ 
PBS) were added to specified wells and the plate was incubated at room 
temperature for 1 h. Thereafter, they were gently washed with wash 
buffer, and the existence of anti-cytokine antibody was examined 
through the addition of a streptavidin alkaline phosphatase conjugated 
anti-mouse IgG Ab (Sigma) (diluted 1:300 in Tris-Buffered Saline (TBS, 
pH 7.6). After 20 min of incubation at 25 ◦C and a gentle rinsing with 
wash buffer, p-nitrophenyl phosphate (4 mg/mL) was added to each 
well as substrate and incubated for 30 min at 25 ◦C. Finally, the evalu
ation of absorbance was performed for each well at 405 nm in an ELISA 
plate reader (LabSystems, Helsinki, Finland). Wells with serial amounts 
of each cytokine, as kit-provided standards, were also run in parallel, 
which enabled quantifying the level of each cytokine in a given sample 
by the standard curves and regression analysis of mean absorbance. Data 
in scatter plots depicted the mean of two technical replicates. 

2.4. Statistical analysis 

Inter-group comparisons were done using Brown-Forsythe and welch 
ANOVA Dunnett’s T3 multiple comparisons test for quantitative data, 
and Chi-square test for qualitative data. All data are reported as 

A. Mahmoodpoor et al.                                                                                                                                                                                                                        



Molecular Immunology 138 (2021) 121–127

123

mean ± SD, for which P < 0.05 was considered as statistically signifi
cant. GraphPad Prism version 8.0 (GraphPad Software, Inc., San Diego, 
CA, USA) was utilized to perform the statistical analyses. 

3. Results 

3.1. Patient demographics and laboratory findings 

A total of 100 (50 milds and 50 severe) patients with SARS-CoV-2, 
and 50 healthy controls, with matched age and gender were included 
in this study. The body mass index (BMI) was not notably different be
tween the three groups. According to the demographic data shown in 
Table 1, a significant difference was observed in fasting blood sugar 
(FBS) level between mild (118.3 ± 31.25 mg/dl versus 
104.9 ± 23.11 mg/dl, p = 0.0496) and severe (138.9 ± 49.95 versus 
104.9 ± 23.11 mg/dl, p = 0.0001) COVID-19 patients, as compared to 
healthy controls. Moreover, the comorbidity of COVID-19 and diabetes 
was significant, not only in the mild group, but also in severe patients 
compared with healthy ones. Additionally, serum triglyceride (TG) 
levels were meaningfully higher in severe patients, as compared to 
healthy controls (186.5 ± 55.31 mg/dl versus 142.0 ± 55.99 mg/dl, 
p = 0.0004). Low density lipoprotein-cholesterol (LDL-C) level was 
significantly higher in severe COVID-19 patients compared to normal 
cases and patients with mild condition (144.9 ± 27.97 mg/dl versus 
120.6 ± 31.52 mg/dl and 131.9 ± 24.34, p = 0.0003 and p = 0.0434, 
respectively). No statistically meaningful difference was observed 
regarding the total cholesterol and high-density lipoprotein cholesterol 
(HDL-C) levels between the three groups. 

3.2. The correlation between the exhaustion and reduction of T cells and 
the severity of COVID-19 

We examined the number and functional features of T cells in whole 
blood of the individuals. As illustrated in Fig. 1, the absolute number of 
lymphocytes was markedly decreased in patients with mild and severe 
SARS-CoV-2, in comparison to controls (981.1 ± 257.1 and 
724.4 ± 258.1 cell/μl versus 1579 ± 530 cell/μl, p < 0.0001 and 
p < 0.0001, respectively). Additionally, the volume of CD4+T and 
CD8+T cells was significantly decreased during the infection, such that it 
was considerably related to the severity of the disease. As shown in 
Fig. 1, the numbers of CD4 + T lymphocytes were 431.3 ± 134.4 and 
301.2 ± 87.21 cell/μl in patients with mild and severe conditions, 
respectively, compared to 928.4 ± 299 cell/μl in healthy controls 
(p < 0.0001 for both of them). The same pattern was observed for 

CD8 + T lymphocytes (268.2 ± 75.97 and 149 ± 76.84 cell/μl versus 
500.3 ± 175.3 cell/μl, p < 0.0001 for both of them) (Fig. 1A and 
Table 2). 

The expression of PD-1 was also increased in both CD4+T cells and 
CD8+T cells, indicating the exhaustion process in these cells. The per
centage of PD-1+CD4+T cells in healthy subjects, mild infected cases, 
and severe patients was 18.35 ± 6.840 %, 29.47 ± 8.595 % and 
34.66 ± 8.584 %, respectively (the p value for COVID-19 infected pa
tients with both mild and severe symptoms compared to healthy controls 
was considered <0.0001). Similarly, the percentage of PD-1+CD8+T 
cells was 28.19 ± 11.11 %, 38.34 ± 15.38 %, and 57.02 ± 15.96 %, 
respectively. The p values in patients with mild and severe condition, 
compared to healthy controls, were considered 0.0008 and <0.0001, 
respectively). 

3.3. Detecting high levels of inflammatory cytokines in patients’ plasma 

The plasma level of substantial secretory mediators related to the 
cytokine storm in patients and controls was also measured, and is 
illustrated in Fig. 2. We found that the levels of IL-2R, IL-1β, and TNF-α 
were remarkably higher in severe and mild patients, as compared with 
the controls (p values for IL-2R: 0.0008 and <0.0001, IL-1β: 0.0061 and 
<0.0001, and TNF-α: 0.0020 and <0.0001 in patients with mild and 
severe symptoms compared to healthy controls, respectively). More
over, these mediator levels were significantly higher in severe cases 
versus mild patients (Fig. 2 and Table 2). 

4. Discussion 

T cells are known as the main antiviral weapons which are equipped 
with two arms, CD8+ cytotoxic T cells (CTLs) that secrete antiviral 
mediators (Mescher et al., 2006) and CD4+ helper T (Th) cells that assist 
CTLs and B cells in improving their ability for pathogen clearance 
(Mullen et al., 2002). However, prolonged infection may lead to T cell 
exhaustion (Fenwick et al., 2019; Ng et al., 2013), which is a dysfunc
tional state of T cells characterized by the high expression level of im
mune checkpoint receptors such as PD-1, decreased proliferation and 
production of cytotoxic cytokines, and altered transcriptional and 
metabolic profiles (Wherry, 2011). In spite of the previous studies on 
COVID-19 concerning the reduction of number and functionality of 
lymphocytes, the correlation of these features with the severity of the 
disease, and whether serum metabolic changes affect T cell responses, 
have remained ambiguous. In this study, we described the overall serum 
changes on T cell compartments, and explained the correlation of serum 

Table 1 
Demographics and laboratory findings of COVID-19 patients and healthy controls.  

Parameter G1 mean ± SD (N = 50) G2 mean ± SD (N = 50) G3 mean ± SD (N = 50) 
Significance Level 

G1 vs G2 G1 vs G3 G2 vs G3 

Age 
(Male-Female) 

52.8 ± 15.32 
(24− 26) 

51.1 ± 15.2 
(23− 27) 

52.2 ± 12.46 
(28− 22) 

NS NS NS 

BMI (kg/m2) 26.29 ± 3.273 27.1 ± 5.261 27.98 ± 4.564 NS NS NS 
SBP (mmHg) 112.8 ± 11.73 114.5 ± 12 122.6 ± 19.05 NS 0.0078 0.0390 
DBP (mmHg) 72.38 ± 8.588 72.52 ± 8.596 73.42 ± 12.05 NS NS NS 
FBS (mg/dl) 104.9 ± 23.11 118.3 ± 31.25 138.9 ± 49.95 0.0496 0.0001 0.0455 
TG (mg/dl) 142.0 ± 55.99 161.8 ± 62.33 186.5 ± 55.31 NS 0.0004 NS 
Cholesterol (mg/dl) 180.8 ± 42.39 188 ± 40.3 196.6 ± 34.96 NS NS NS 
HDL (mg/dl) 44.04 ± 8.877 44 ± 8.52 42.49 ± 7.153 NS NS NS 
LDL (mg/dl) 120.6 ± 31.52 131. 9 ± 24.34 144.9 ± 27.97 NS 0.0003 0.0434 
Albumin (g/dl) 3.461 ± 0.2154 3.367 ± 0.3766 3.251 ± 0.2881 NS 0.0003 NS 
Creatinine (mg/dl) 1.554 ± 1.043 1.522±.845 1.450 ± 0.7022 NS NS NS 
GFR (cc/min) 77.77 ± 24.11 70.84 ± 25.14 67.47 ± 22.71 NS NS NS 
Diabetic Patients 7 9 14 NS 0.00854 0.0192 
Clinically COVID-19 Positive Subjects – 50 50    

Data are presented as mean ± standard devision. P < 0.05 was considered as statistically significant. G1: Healthy Controls; G2: Patients with mild symptoms; G3: 
Patients with severe symptoms; BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic blood pressure; FBS: fasting blood sugar; TG: triglyceride; HDL: high 
density lipoprotein; LDL: low density lipoprotein; GFR: glomerular filtration rate. 
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metabolic status with T lymphocyte functionality and the severity of 
COVID-19 infection. To this end, the whole blood of patients with mild 
and severe COVID-19 was implicated to analyze the frequency and 
functionality of T lymphocytes in comparison to healthy controls. 

Our findings showed that total lymphocytes decreased intensively in 
100 COVID-19 patients, and especially in severe cases, and that the rate 
of T cell depletion was significant both for CD4+ and CD8 + T cell 
subsets. An earlier report conducted by Bo Diao et al. showed that 70.56 

% of non-severe patients had reduced CD4+ and CD8 + T cells. How
ever, 95 % of patients with severe signs displayed CD4 + T cell reduc
tion, and all of them showed CD8 + T cell depletion (Diao et al., 2020). 
In parallel with this study, we observed that the decline in CD4+ and 
CD8 + T cell subsets in severe individuals was much higher than that of 
mild cases. However, how lymphopenia is developed remains unknown. 
Low levels of angiotensin-converting enzyme 2 (ACE2), the cell entry 
receptor for SARS-CoV-2 (Xu et al., 2020a; Zhou et al., 2020), are 

Fig. 1. Reduced and exhausted T lymphocytes during COVID-19 infection. (A) The incidence of total lymphocyte and T cell subsets in patients with mild and 
severe COVID-19. (B) Dot blot of lymphocytes gated to identify CD4+ and CD8 + T cells under isotype control. (C) Dot blot of CD4+ and CD8 + T lymphocytes 
expressed PD-1 in mild and severe COVID-19 infected patients versus healthy controls. 

Table 2 
T cells number and PD-1 expression of patients with COVID-19 and healthy subjects.  

Target G1 mean ± SD (N = 50) G2 mean ± SD (N = 50) G3 mean ± SD (N = 50) 
P value 

1 vs 2 1 vs 3 2 vs 3 

Flow Cytometery 
Total Lymphocytes (cell/μl) 1579 ± 530 981.1 ± 257.1 724.4 ± 258.1 <0.0001 <0.0001 <0.0001 
CD4 + T Lymphocytes (cell/μl) 928.4 ± 299 431.3 ± 134.4 301.2 ± 87.21 <0.0001 <0.0001 <0.0001 
CD8 + T Lymphocytes (cell/μl) 500.3 ± 175.3 268.2 ± 75.97 149 ± 76.84 <0.0001 <0.0001 <0.0001 
PD-1+ CD4 + T Lymphocytes (%) 18.35 ± 6.840 29.47 ± 8.595 34.66 ± 8.584 <0.0001 <0.0001 0.0096 
PD-1+ CD8 + T Lymphocytes (%) 28.19 ± 11.11 38.34 ± 15.38 57.02 ± 15.96 0.0008 <0.0001 <0.0001  

ELISA 
IL-2R (U/mL) 500.5 ± 158.9 622.0 ± 161.8 879.6 ± 213.6 0.0008 <0.0001 <0.0001 
TNF-α (pg/mL) 37.59 ± 16.34 52.60 ± 25.14 70.80 ± 30.43 0.0020 <0.0001 0.0046 
IL-1β (pg/mL) 80.84 ± 45.29 107.2 ± 37.46 139.8 ± 54.04 0.0061 <0.0001 0.0022 

Data are presented as mean ± standard devision. P < 0.05 was considered as statistically significant. G1: Healthy Controls; G2: Patients with mild symptoms; G3: 
Patients with severe symptoms; IL: interleukin; TNF-α: tumor necrosis factor-α, PD-1: programed cell death protein 1. 
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expressed by lymphocytes. Also, genome of the virus could hardly be 
detected in the peripheral blood of SARS-CoV-2 infected patients (Wölfel 
et al., 2020). Therefore, speculating that reduced peripheral lymphocyte 
is not directly related to SARS-CoV-2 infection is reasonable. However, it 
is assumed that such phenomenon results from the activation of induced 
cell death or T cell trafficking to the lung, where robust replication of the 
virus takes place (Song et al., 2020). Future studies are therefore ex
pected to elucidate the underlying mechanisms of lymphopenia. 

As opposed to their decreased absolute count, T cells show an in
crease in the expression of T cell inhibitory molecules. Moreover, we 
identified a broad range of PD-1 over expression in CD4+ and CD8 + T 
cell subsets in infected patients, and especially in severe cases, empha
sizing limited T cell functions as a result of exhaustion during SARS-CoV- 
2 infection (Zheng et al., 2020). Bellesi et al. also outlined higher 
expression of CD95 and PD-1 in old patients compared to inpatients, 
with a trend for PD-1 expression in CD8+cells (Bellesi et al., 2020). In 
line with this finding, our observations showed that in severe COVID-19 
patients, the percentage of cycling peripheral blood PD-1+ CD8 + T 
cells (57.02 %±15.96) was higher than PD-1+ CD4 + T cells (34.66 %±

8.584), reflecting the vulnerability of CD8 + T cell exhaustion in the 
viral infection. Nonetheless, it is not clear whether and how the infection 
implicates such pathway that suppresses efficient antiviral immune re
sponses. Given this, CD8 + T cells play crucial roles in defeating the 
virus through exerting extreme cytotoxic mediators, including perforin 
and granzymes (Mescher et al., 2006). 

Since the process of T cell exhaustion is managed to elicit functional 
unresponsiveness and prevent aggressive immunoactivation, and is in 
turn regarded as relative autoimmune tissue damage (Cao, 2020), 
imbalanced immunoactivation is observed in COVID-19 patients as a 
result of the secretion of hyper pro-inflammatory cytokines and medi
ators which can be detrimental and eventuate in tissue injuries, espe
cially in severe cases. Despite the reduction of T cell functionality during 
COVID-19 infection, it seems that the source of these cytokines may be 
an interesting issue. Some studies recognized macrophages and mono
cytes, but not T cells, as probable producers of these mediators (Diao 
et al., 2020; Kany et al., 2019; Minciullo et al., 2016). In our attempt, 
excessive concentrations of pro-inflammatory cytokines, such as IL-1β 
and TNF-α, and mediators, including IL-2R, were detected in the serum 

of severe COVID-19 patients, which were totally comparable with mild 
subjects. Many SARS-CoV-2 infected patients have an overproduction of 
several inflammatory cytokines and chemokines (Yang et al., 2020). 
Severely ill patients with SARS-CoV-2 pneumonia develop a 
hyper-immune state with a dramatic increase in several 
pro-inflammatory cytokines IL-1, IL-6 and TNF-α (Mehta et al., 2020). 
Meanwhile, a meta-analysis report by Leisman et al., indicated that 
cytokine storm is not directly the cause of COVID-19- induced organ 
dysfunction as cytokine elevations in COVID-19 could not address an 
adequate inflammatory response to combat SARS-CoV-2 infection 
(Leisman et al., 2020). However, Diao et al. reported that high serum 
concentrations of TNF-α, IL-6, and IL-10 in COVID-19 patients were 
correlated with decreased number of T cells as negative regulators of T 
cell survival or proliferation (Diao et al., 2020). It has also been indi
cated that circulating sIL-2Rs regulate the activation of T lymphocytes in 
multiple immunological disorders, and enhanced plasma sIL-2R con
centrations predict reduced cellular responses against IL-2 (Gooding 
et al., 1995). In spite of the significant functions of IL-2 signaling in T 
cells, sIL-2R possibly possesses central functions in the onset of lym
phopenia in COVID-19 patients. This could be evidenced by the study of 
Zhang et al., in which the expression level of IFN-γ in T cells was 
impaired in the presence of high concentrations of recombinant CD25, 
where the proliferation and function of T cells were hampered. Besides, 
soluble IL-2R levels were negatively correlated with the percentage of T 
cells as a regulatory factor, especially for CD8 + T cells (Song et al., 
2020). Our study was in consistence with these findings, such that in 
severe SARS-CoV-2 cases, low T cell frequency coincided with high level 
of sIL-2R. However, it is not obvious how this correlation takes place in 
COVID-19 infected patients. 

Other scenarios in our study were the remarkably high levels of TG 
and LDL-C, as well as their association with the severity of the disease in 
COVID-19 patients, as compared to the controls. Cholesterol is a crucial 
component of cell membrane, which not only affects membrane fluidity, 
but also influences cellular functions including gene expression and 
metabolism (Ikonen, 2008). Meanwhile the role of cholesterol in T cell 
activation is a sort of mystery yet, and it has been proven that cholesterol 
could promote CD8 + T cell exhaustion in the tumor microenvironment 
through inducing endoplasmic reticulum (ER) stress (Ma et al., 2019). 

Fig. 2. Inflammatory cytokine secretion and soluble IL-2 receptor. The secretion of IL-2 receptor and proinflammatory cytokines, IL-1β and TNF-α in mild 
(group-A) and severe (group-B) COVID-19 patients. 
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Ma X et al. demonstrated that the expression of immune checkpoints and 
the CD8 + T cell exhaustion state were progressively and positively 
correlated with cholesterol accumulation in mouse tumor models (Ma 
et al., 2019). Additionally, gamma radiation increases TG, cholesterol, 
LDL-C, TNF-α, and IL-6 contents, as well as elevating T cell exhaustion 
through the up-regulation of PD-1, while decreasing HDL-C levels in rats 
(Guida et al., 2016). In our study, patients suffering from severe 
COVID-19 also had higher LDL-C and TG levels, in addition to extensive 
PD-1+ T cells and pro-inflammatory cytokines. However, total choles
terol level was not significantly different between the three groups. 
Supportively, it has been demonstrated that oxidized LDL-C and 
cholesterol crystals can trigger IL-1β and IL-18 production (Duewell 
et al., 2010; Fessler, 2017), which in the case of hyper-cholesterolemia 
could be expected to cultivate to an exaggerated inflammatory 
response against SARS-CoV-2 infection. 

Moreover, diabetes is recognized as a common co-morbidity of 
COVID-19, which induces a severe manifestation and worse clinical 
outcomes (Fang et al., 2020). Regarding the chronic and low grade 
inflammation of diabetes mellitus, there exist several evidence showing 
that immune cells participate in the progression of the pathogenesis of 
diabetes. Shi et al. reported an increased PD-1 expression in 
CD4+CD28− cells in diabetic patients (Shi et al., 2013). Nishimura et al. 
also revealed that CD8+T cells are responsible for macrophage activa
tion during diabetes progression, while the expression of PD-1 in CD8+T 
cells could mediate cell exhaustion (Nishimura et al., 2009). In consis
tence with these studies, we found that COVID-19 infection was closely 
related to diabetes background and could contribute to extended 
pro-inflammatory cytokines and PD1 + T lymphocytes, as described in 
affected patients and particularly in severe subjects. On the contrary, in 
an interesting report, it was declared that PD-1 was downregulated in 
CD4+ and CD8 + T cells in diabetic patients, such that the macrophages 
were activated by T cells to secret various inflammatory cytokines and 
deteriorate the diabetic state (Sun et al., 2019). Therefore, the serum 
profile of infected individuals could be considered as a promising 
prognostic factor for recognizing potential severe cases and making 
better therapeutic decisions. 

By putting the analytical differences between COVID-19 mild and 
severe patients aside, the interesting point of our results was the inde
pendency to gender disparities as no meaningful changes were detected 
in circulating lymphocytes and serum analysis of patients in the context 
of gender. This was on the contrary to previous findings that declared 
gender and sex affect the consequence of COVID-19 infection (ABULUDE 
and Abulude, 2020). For instance, Gebhard et al. displayed that the fa
tality ratio of male to female cases was notably elevated among all age 
groups (Gebhard et al., 2020). Ongoing researches could be valuable to 
clarify the impacts of ethnicity and geographic issues, and how some 
unknown mechanisms influence the gender tendency in COVID-19. 

5. Conclusion 

SARS-CoV-2 infection affects T lymphocytes that are substantial 
players in the fight against viruses, through reducing number and 
impairing functionality, which may become worse as the disease pro
gresses. Meanwhile, pro-inflammatory cytokines, such as TNF-α and IL- 
1β, as well as IL-2R, are elevated in severe cases in comparison to mildly 
infected individuals. Besides, serum metabolic changes, such as hyper- 
lipidemia and diabetic background, may be valuable as feasible prog
nostic factors in COVID-19 progression. Possibly, further researches 
could clarify the precise mechanism through which T cells are affected 
by COVID-19, and focus on serum changes to predict and manage the 
consequence of a patient’s condition. 
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