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 One of the most important events in the last three years was emerging a 

new SARS-CoV-2, a highly contagious virus that caused a significant 

health problem. This study analyzed the association between the count of 

T lymphocyte subpopulations and different statuses of SARS-CoV-2 

infection. A total of 140 patients with COVID-19 disease and 60 healthy 

controls of 18 to 95 years old were enrolled. Significant differences were 

observed between COVID-19 patients and control groups regarding age at 

P-value>0.05. Serum levels of anti-SARS- CoV-2 IgM and IgG antibodies 

showed highly significant differences (P-value<0.001) between different 

states of COVID-19 and control groups. A significant association was 

detected in the levels of CD4⁺ and CD8⁺T cells in all groups of patients 

with COVID-19 compared with control groups. In mild COVID-19, the 

levels of CD4⁺ and CD8⁺ T-cells (21.33 ± 6.92), and (22.56 ± 9.49), in 

moderate (14.89 ± 8.37), and (11.14 ± 11.12), while, in severe cases of 

COVID-19, (14 ± 7.64) and (10.43 ± 6.32), respectively. The main findings 

of this study revealed a reduction in the levels of CD4⁺ and CD8⁺ T 

lymphocytes and abnormal levels of Anti-SARS CoV-2 IgG Ab, which 

may be reflected in the severity of COVID-19 and considered an important 

biomarker in the prediction of the consequence of the disease. 

 

 

 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. INTRODUCTION 

The emerging Acute Respiratory Syndrome Coronavirus-2 (SARS-CoV-2) and its outcome COVID-19 

disease have affected more than 194 million cases and 2.9 million deaths worldwide [1], [2]. Clinically, 

patients with COVID-19 in the hospital are classified as mild, moderate, and severe, with a third having a 

higher mortality rate than others [3]. Clinical reports and pathological results indicate that dysfunctional 

antiviral immunity, pathogenic lung injury impairments, and cytokine storms play an important role in the 

progression of COVID-19 disease [4]. Antiviral immunity during a respiratory viral infection such as the 

Influenza virus depends on the effective T-cell to eliminate virus-infected cells and assists the innate antiviral 

responses. On the other hand, during a primary response to viral infection clearance of the virus depends on 

the virus-specific CD4+, CD8+ T-cells and the rapidity of viral clearance correlates with the extent of CD4+ 

and CD8+ T-cells response [5]. After T- cell activation by an antigen-presenting cell (APC), CD4+ T- cells 
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differentiate primarily into effector T-helper cells, while CD8+ T- cells primarily differentiate into cytotoxic 

T- cells (CTLs) to kill the virus-infected cell. Thus, the rapid and successful T cell response to SARS-CoV-2 

has a significant effect on the clinical outcome of patients with COVID-19 [4]. 

 

Recently, A new study noted that about 82% of cases with COVID-19 showed low circulating lymphocytes, 

while B lymphocytes measured normal or tended to increase. These records signified the infection by SARS-

CoV-2 may affect T lymphocytes and particularly on CD4+ and CD8+ T- cells, then leads to a decrease in 

the amount and activation of T lymphocytes. However, the causes of lymphopenia in patients with Covid-19 

have not been investigated thoroughly [5], [6]. 

 

According to previous knowledge, immunoglobulin M (IgM) confers the first line of defense against viral 

infections, which consequently led to the generation of adaptive immunity that is represented by the high-

affinity response of immunoglobulin G (IgG) that is very necessary for long-term immunity and 

Immunological memory. However, most COVID-19 patients have an incubation period of three to seven days 

and antibody response time is between 10 to 14 days after infection by SARS-CoV-2 [7]. 

 

The recent reports have shown, the specific antibody response against SARS-CoV-2 is related to the illness 

severity and the outcome of COVID-19 disease. Therefore, it's necessary to perceive the relationship between 

the antibody response and cellular immunity, especially CD4⁺ and CD8⁺ T lymphocytes in different clinical 

cases of COVID-19 disease [8], [9]. 

 

1.1 Survey Point 

This study investigated and analyzed the count of CD4⁺, CD8⁺ T-cell and anti-SARS-CoV-2 IgM, IgG 

antibodies in the different statuses of COVID-19 disease (mild, moderate and severe). Thus, the analysis 

compared the titration of IgG, IgM antibodies and measured the count of CD4+ and CD8+ T- cells in patients 

with COVID-19 and control groups. The study groups were selected randomly from the patients who were 

exposed to SARS-CoV-2 and admitted to (AL-Amal Hospital for communicable diseases and AL-Hakeem 

Hospital, Najaf/Iraq), from December 2020 till July 2021. 

 

2. Materials and Method 

 

2.1 Study Population 

This case-control study included 160 patients (50 severe, 40 moderate and, 70 mild COVID-19), consisting 

of 86 males and 74 females of 18-95 years old confirmed clinically and laboratory with COVID-19 disease. 

In addition, the control groups were 60 healthy volunteers with negative real-time reverse transcriptase-

polymerase chain reaction (Rt-PCR) test of SARS-CoV-2, who had no history or clinical evidence of COVID-

19 or any chronic disease. 

 

2.2 Detection of Viral RNA 

All study populations have been tested with the Rt-PCR test of SARS-CoV-2, in the center health laboratory, 

Najaf province/Iraq. Furthermore, the RT-PCR test was performed according to the protocol established by 

the WHO, Nasopharyngeal and Oropharyngeal swab samples were collected from each patient as well as 

from the control group. Viral RNA was extracted under a biosafety cabinet and according to the laboratory 

biosafety guidelines, by using Huwel Nucleic Acid Extraction kit from HUWL LIFESCIENCES PVT. LTD 

according to the manufacturer's instruction. The viral RNA was detected by using Quantiplus® Multiplex 

COVID-19 Detection Kit V2.0 from HWEL LIFSCIENCE PRIVATE LIMITED company, through ABI 

75000 DX Real-Time PCR System from ThermoFiser company according to the manufacturer's instruction. 
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2.3 Detection of anti-SARS-COV-2 Antibodies 

Blood samples are collected from the patients and the control group then divided into two parts, EDTA tubes 

for flow cytometry assay and Gel tubes for the Enzyme-linked immunosorbent assay (ELISA). The 

concentration of SARS-CoV-2 Spike protein IgM and IgG Abs through the serum specimens detected by 

Indirect-ELISA Kits supplied by Elabscience Biotechnology (USA) were used according to the 

manufacturer's instructions. The recombinant Ag contains identified SARS-CoV2 Spike protein, and The OD 

was measured by spectrophotometry (wavelength 450 nm). 

 

2.4 The Flow Cytometry Analysis 

The counts of CD4⁺ and CD8⁺ T- cells were determined by using PerCp Anti-Human CD3Antibody (Miltenyi 

Biotic), PE Anti-Human CD4+ antibody [RPA-T4] and FITC Anti-Human CD8+ antibody [OKT-8] kits 

(Elabscience Biotechnology/ USA) according to the manufacturer's instructions. As concisely, after adding 

100 µl of anticoagulated (EDTA) blood to the 12×75 mm polystyrene tube with PerCp Anti-Human 

CD3Antibody and PE Anti-Human CD4+ Antibody [RPA-T4] or with FITC Anti-Human CD8a Antibody 

[OKT-8], incubated in the darkness at room temperature for 45 minutes. Then, one ml of reagent A and 

reagent B respectively of (Lysing and Fixation Kit Elabscience Biotechnology/USA) was added according to 

the manufacturer's instructions. Samples were investigated by Bricyte E6-Flow cytometer (Bricyte E6 clinical 

software, Mindray/Bio-Medical Electronics/China). 

 

2.5 Statistical Analysis  

The statistical analysis was accomplished by using the SPSS version (27). The variables were compared by 

the independent sample T-test, Chi-square test, and the differences among multiple groups evaluated by One-

Way ANOVA (the significance defined as p≤0.05, while a p >0.05 was not significant). 

 

3. Results 

The present study was mainly based on the analysis of a random group consisting of 160 patients with a 

confirmed diagnosis of COVID-19 disease aged 18 to 95 years and 60 healthy control group. Significant 

differences were shown between patients with different statuses of COVID-19 and control groups regarding 

age at P-value >0.05. as shown in Figure (1). 

 

 
Figure 1 Age distribution among studied groups 

 

A total of 160 patients with Covid-19 disease under the research, including 86 patients (61.31%) male and 74 
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patients (52.14%) female, as shown in table (1). Despite dominant males among COVID-19 patients, there is 

no significant difference between the study groups. (p <0.05). 

 

Table 1 the gender distribution among studied groups 

Variable Category Studied Groups *P-value 

Control 

N=60 

Mild  

N=70 

Moderate 

 N=40 

Severe  

 N=50 

Gender Male  30(50) 36(51.43) 20(50) 30(60) 0.704(NS) 

Female  30(50) 34(48.57) 20(50) 20(40) 

*NS: No significant difference at P<0.05 

 

Anti-SARS CoV-2 IgM and IgG Abs that were detected in the serum of COVID-19 patients, showed highly 

significant differences (P <0.001) between different statuses of COVID-19 disease and control groups as 

shown in figure (2). However, high serum levels of Anti-SARS- CoV-2 IgM in patients with different statuses 

of COVID-19, mild, moderate and severe disease were 0.940± 0.72 UI/ml, 1.407± 0.96 UI/ml and 1.360±0.95 

UI/ml respectively, compared with control groups of 0.090±0.05 UI/ml. 

 

Moreover, high serum levels of Anti-SARS CoV-2 IgG in patients classified into mild, moderate and severe 

disease were 0.565±0.63 UI/ml, 0.999±0.81 UI/ml and 1.210±0.74 UI/ml respectively, in comparison with 

control groups of 0.090±0.05 UI/ml. The measure of Anti-SARS-CoV-2 IgG Ab was observed higher than 

levels of Anti-SARS-CoV-2 IgM Ab in total studied groups of COVID-19 as demonstrated in figure (2). 

 

 
Figure 2 the distribution of Anti-SARS CoV-2 IgM and IgG Antibodies in serum of studied groups. 

 

The correlation between levels of CD4+, CD8+ T- cells and different severity of COVID-19 disease presented 

in Figure (3), showed a highly significant association (P < 0.05). 

 

The reduction in the levels of CD4+ and CD8+ T- cells developed in entire experimented groups.  
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So that, in mild cases (21.33±6.92), (22.56±9.49), and in moderate cases (14.89±8.37), (11.14±11.12), while, 

in severe cases of disease (14±7.64), and, (10.43±6.32), respectively. 

 

 
Figure 3 the distribution of the counts of CD4⁺ and CD8⁺ T cell subsets in the studied groups. 
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Figure 4 the results of Flowcytometric Analysis for, CD3⁺, CD4⁺ and CD8⁺ detection on T lymphocytes in 

control and different severity of COVID-19 disease. A-Sever cases of COVID-19 B-Moderate cases of 

COVID-19 C-Mild cases of COVID-19 D-Control groups, Diagrams showing A forward scatter height 

(FSC-H) and side scatter height (SSC-H). 

 

4. Discussion 

Regarding the given updates in rising morbidity and mortality rates around all the world, it is essential to 

identify cases of COVID-19 death risk. Therefore, the priority for clinicians is vaccine determinants for 

populations at high risk for COVID-19 mortality [10].  The more common risk factors of hospitalized patients 

infected with SARS-CoV-2 were age, gender, and comorbidities and have been proved that be strongly related 

to the severity of the disease [11].  Previously, the infection with SARS and MERS coronaviruses has been 

reported that older age was associated with a higher mortality rate [12]. The present study confirmed that 

older age was related to death in patients infected with SARS-CoV-2, our results were agreed with a study 

completed by that revealed to associated age with the severity of COVID-19, but it's not agreed with him 

according to the gender. Aging and comorbidities are the most common risk factors for patients with SARS-

CoV-2, which are shown to be strongly associated with disease severity [11]. The significant conclusion of 

this research is agreed with previous studies that provided, age is associated with the severity of COVID-19 

disease and the riskiest age are from 65 to 79 years Figure (1). 

 

The reason for the increase in the severity of COVID-19 disease in the elderly may be a sign of aging of the 

immune system. Then, is manifested by a decrease in the quantity and quality of immune cells and mediators 

that lead to dysfunction of the immune system. Despite the male six being predominant among COVID-19 

patients in our study, there was no significant difference between studied groups regarding gender at p-

value<0.05. Women are less frequently hospitalized and develop a severe complication from COVID-19 than 

men, and the latter has 2 times to die than women [13], [14]. Sex hormones, X-chromosome and X-linked 

gene, have been identified as major contributing factors for sexual dimorphism due to their effect on innate 

and adaptive immunity and consequently on the disease susceptibility and prognosis [15]. In addition, recent 

evidence suggests that the ACE2 gene which carries on the X-chromosome may be regulated in a diverse 

form in women than in men due to women possessing two copies compared with one in men [13]. The current 

study suggests that there are no significant differences between males and females in susceptibility to COVID-
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19 infection. But X-linked heterozygote alleles maybe create in female various advantages and a highly sexual 

dimorphism that perhaps protect women from a severe viral infection, cytokine storm and mal-prognosis. 

 

The present study indicated the elevation in the concentration of Anti-SARS-CoV-2 IgM and IgG Abs in the 

serum of patients with different statuses of COVID-19, in comparison with the healthy control groups. Figure 

(3). These results are agreed with which showed a rising in the magnitude of humoral immunity associated 

with the severity of COVID-19 [16]. On the other hand, researchers are unable to identify specific antibodies 

that protect the immune system and block re-infection, or that the antibody acts as an enhancer of virus entry. 

Thus, the elevation of antibodies may be associated with severe COVID-19 [17]. 

 

Furthermore, the high concentration of Anti-SARS-CoV-2 IgG Ab in comparison with Anti-SARS-CoV-2 

IgM Ab observed in the study, which according to they were indicated that Anti-SARS-CoV-2 IgG Ab 

associated with severity of COVID-19 [18]. That means revealed the abnormal antibody response in patients 

with COVID-19. 

 

This study analyzed the correlation between T lymphocyte subpopulations and different statuses of SARS-

CoV-2 infection [19]. However, lymphopenia is one important risk factor of COVID-19 that could be elevated 

severity and mortality rates. Recently, many researchers have provided facts that decreased amounts of CD4⁺ 

and CD8⁺ T cells are significantly associated with the poor prognosis of SARS-CoV-2 infection. As a 

conclusion of this project, like other studies, the results confirmed that in various cases of COVID-19, 

especially in severe cases, a decrease in CD4+ and CD8+ T- cells counts were confirmed. Were previously 

analyzed the correlation between the amount of some T- cell subpopulations and severe cases of COVID-19. 

This reduction in the counts of CD4⁺ and CD8⁺ T- cell are more prevalent in the severe cases of COVID-19 

disease. And there is no significant difference in the CD4/CD8 ratio between severe disease and non-severe 

patients of COVID-19 [20]. 

 

Evidence suggests that CD4⁺ and CD8⁺ T- cells subsets play a critical role in preserving the function of 

immunity and protecting the body from viruses. Also, realized the enhancement of CD4⁺T and CD8⁺ T- cells 

dramatically in most recovered patients with negative Rt-PCR test of SARS-CoV-2, while there was no 

significant discord in patients with positive Rt-PCR test [21]. 

 

Thus, the important role of immunity, especially T- cells response in the improvement of COVID-19 disease 

is affirmed. According to evidence from recent investigations, that indistinct immunopathology mechanism 

in COVID-19 may suggest the excessive inflammation caused by replication of SARS-CoV-2. These reviews 

show there is a self-reinforcing inflammatory cycle in patients with severe COVID-19, in addition to impaired 

response and fatigue of T- cells and persistent failure of viral clearance. Nevertheless, the important role of 

immunity, especially T- cells response during COVID-19 disease is affirmed in this inflammatory cycle, 

which should be stopped with appropriate therapies and vaccines. 

 

5. Conclusion 

The significant conclusions of this research are agreed with previous studies, that provided, age is associated 

with the severity of COVID-19 disease and the riskiest age are from 65 to 79 years. In addition to the reduction 

in the level of CD4+ and CD8+ T lymphocytes levels and abnormal antibody response in patients with 

COVID-19, are signs of the severity of COVID-19 and are considered an important biomarker in predicting 

the outcome of the disease.  
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