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1. Introduction 

Acute Respiratory Syndrome, Severe Coronavirus - 

2 (SARS-CoV-2) causing Coronavirus Disease - 

2019 (COVID-19) has rapidly mutated from an 

epidemic outbreak in Wuhan, China, to a global 

pandemic infecting over one million people (1). The 

fate of COVID-19 disease depends on various 

factors, including the immunological condition of the 

person. Most individuals infected with SARS-CoV-2 

will develop mild to moderate respiratory infections 

and recover without specific treatment. The severe 

variants of COVID-19 are marked by a 

hyperinflammatory condition, sometimes known as a 

“cytokine storm" or "cytokine storm syndrome" 

(CSS). CSS, also known as cytokine storm, is not 

listed in the International Classification of Diseases 

(ICD). Cron and Behrens (2) demonstrated that a 

"cytokine storm" is an activation cascade of auto-

amplifying cytokine production resulting from an 

unregulated host immunological response to diverse 
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Abstract 

Due to the pandemic of COVID -19 disease and the fact that the effective variables in the severity and control of 

the disease have not been established, numerous factors have been investigated, including the study of 

inflammatory factors. A cross-sectional study was carried out to investigate the proinflammatory cytokines in 

patients with COVID -19, conducted in Baghdad, Iraq. The age of the patients was above > (15) years old, with 

confirmed infection documented by polymerase chain reaction (PCR). The subjects were 132 patients, 69 

(52.3%) males, and 63 (47.7%) females. Patients were divided into three pathological groups: mild patients (45), 

moderate patients (34), and severe patients (53), each group was divided into four weeks according to symptoms 

onset date. The most common clinical symptoms were cough, fever, and headache, while sore throat, 

gastrointestinal symptoms, chest pain, and loss of taste and smell were less common in COVID -19 patients. 

Sandwich-Enzyme-Linked Immunosorbent Assay kits were used to evaluate levels of proinflammatory 

cytokines, including IL-1β, IL-6, IL-8, and TNF-α. The results IL-6 and TNF-α were significantly elevated in 

mild during the four weeks with (P=0.0071) and (0.0266) respectively, levels of IL-1β were increased with 

highly significant differences (P=0.0001) while levels of IL-8 were decreased with highly significant differences 

(P=0.0001) during the four weeks. In moderate patients, levels of (IL-1β, IL-6, and IL-8) increased without 

significance (P=0.661, 0.074, 0.0651), respectively; in contrast, the levels of TNF-α increased with significant 

(P=0.0452) across four weeks. Severe COVID-19 patients showed significantly increased differences in levels 

of (IL-6, IL-8, and TNFα) (P=0.0438, 0.0348, 0.0447), respectively, while no significant differences in the level 

of IL-1β (P=0.0774). This study showed that investigating inflammatory factors in the COVID-19 pandemic is 

crucial in controlling and treating.  
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stimuli. Important causes of the cytokine storm 

include infections, malignancies, rheumatic illnesses, 

etc. It is also known that a "cytokine storm" is a 

systemic inflammatory response to infections and 

medications that results in the overactivation of 

immune cells and the release of proinflammatory 

cytokines (3). Cytokines are low-molecular-weight 

proteins with cell-specific and pleiotropic effects 

regulating cellular communication and coordinating 

cellular responses. In various immunological 

responses, such as inflammation, homeostatic 

conditions regulate the gene expression of cytokines, 

whereas different stimuli influence their transcription 

and translation. Immune responses, such as 

communication, proliferation, and differentiation, are 

the cellular functions regulated by cytokines (4). All 

immune cells can produce cytokines, including 

phagocytic cells, B and T lymphocytes, and NK 

cells. In systemic diseases, endotoxemia, septicemia, 

and the current pandemic respiratory infection 

coronavirus disease 19, where cytokines can cause 

severe clinical symptoms, the phrase 'cytokine storm' 

has been coined to describe the excessive production 

of cytokines (5). According to clinical trials, the 

levels of several cytokines and chemokines have 

risen significantly in COVID-19. Jones and Jenkins 

(6) examined the association between TNF-, IL-6, 

IL-17, IL-8, and IL-1 production with the etiology of 

COVID-19. Therefore, IL-6 has garnered 

considerable interest, and its high level appears to be 

significantly associated with the clinical 

manifestations of a severe patient type. This study 

investigates the proinflammatory cytokines IL-1, IL-

6, IL-8, and TNF-in COVID-19 patients in Baghdad, 

Iraq.  

2. Materials and Methods 

2.1. Sample Collection 

From February to July 2020, a cross-sectional 

study was conducted to evaluate the 

proinflammatory cytokines patients with COVID-19 

were hospitalized in Al-Yarmouk Hospital and Dar 

Al Salam field Hospital 1 in Baghdad city. 132 Iraqi 

patients with COVID-19 infection documented by 

PCR participated in this study, these groups were 

age and gender-matched, and all participants were 

adults > 15 years old. All patients were confirmed 

positive for SARS-CoV-2 using PCR from a 

nasopharyngeal swab. Those patients were 

classified into 3 groups according to the severity of 

the disease: mild, moderate, and severe, and each 

group was classified into 4 weeks according to the 

date of symptoms onset. Mild disease: includes 

patients without pneumonia or hypoxia, SpO2 95 on 

room air; Moderate disease: includes patients with 

clinical signs of pneumonia, SpO2 90 on room air; 

and Severe disease: includes patients with severe 

respiratory distress, SpO2 90 on room air, who is 

hospitalized in a respiratory care unit (ICU) and 

thus require supplementation of oxygen. The 

severity of COVID-19 disease was classified into 

the following groups in accordance with WHO 

recommendations. 

2.2. Measurement of Inflammatory Cytokines 

COVID-19 patients' blood samples for serum 

extraction were obtained as follows: venous blood 

samples of approximately 5 ml were collected with 

disposable syringes, placed in gel tubes, and allowed to 

clot (for at least 30 minutes) at room temperature (20-

25°C); then sera were separated by centrifugation (The 

samples were centrifuged at 2000-3000 rpm for 20 

minutes.) chilled to -20°C before being analyzed. 

Serum levels of IL-1β, IL-6, IL-8, and TNF-α in the 

samples were measured by sandwich. Enzyme-Linked 

Immunosorbent Assay (ELISA) at a wavelength of 450 

nm. A commercial ELISA kit was used to 

quantitatively determine IL-1β, IL-6, IL-8, and TNF-α 

(CUSABIO, Chine). This test was performed following 

the procedure protocol of the Manufacturer Company. 

The detection ranges of the kits are given as follows:  

• IL-1β: 125 pg/ml-8000 pg/ml ; Sensitivity= 

31.25 pg/mL. 

• IL-6: 7.8 pg/ml-500 pg/ml ; sensitivity= 2.453 

pg/ml 
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• IL-8: 31.25 pg/ml-2000 pg/ml ; sensitivity= 

7.110 pg/ml 

• TNF-α: 7.8 pg/ml-500 pg/ml ; sensitivity= 

1.953 pg/ml 

2.3. Statistical Analysis 

The Statistical Analysis System- SAS (7) program 

was used to detect the effect of different factors on 

study parameters. The least significant difference –LSD 

test (Analysis of Variation-ANOVA) was used to 

compare between means significantly. The Chi-square 

test significantly compared the percentage (0.05 and 

0.01) probability. Estimate the correlation coefficient 

between variables in this study.  

3. Results 

The present study evaluated the role of 

proinflammatory cytokines in COVID-19 in adult Iraqi 

patients. The number of patients in the mild, moderate, 

and severe groups was 45, 34, and 53, respectively. The 

disease progression in mild, moderate, and severe 

patients with COVID-19 was divided into four weeks 

(1st week, 2nd week, 3rd week, and 4th week). Patients 

were divided by sex into 69 (52.3%) males and 63 

(47.7 %) females (Figure 1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

The signs and symptoms of COVID-19 are different 

at the onset of the disease. Our study indicated that 

COVID-19 patients showed that the most common 

clinical symptoms were cough, fever, and headache. 

Fever was observed in the first and second weeks 

during initial symptoms onset in different stages of the 

disease course. The shortness of breath was more 

commonly observed among people with severe and 

moderate COVID-19 than people with mild disease. 

Fatigue and muscle pain were the most frequent 

symptoms among patients diagnosed as mild and 

moderate to severe. Chest pain was a prominent 

symptom in severe patients. Sore throat and 

gastrointestinal symptoms such as nausea, vomiting, or 

diarrhea were less common in all patients. Loss of 

smell or taste has been expected, especially in non-

severe patients (Table 1). 

The study showed that proinflammatory cytokine 

levels varied across four weeks. The serum 

concentrations of common proinflammatory cytokines, 

including IL-1β, IL-6, IL-8, and TNF-α, were measured 

in COVID-19 groups across four weeks, and the 

mean±SD of IL-1β, IL-6, IL-8, and TNF-α levels for 

covid-19 groups as shown in table 2. 

IL-6 was significantly elevated in mild during the 

four weeks with (P-value=0.0071), levels of IL-1β high 

increased during the four weeks and was higher 

significantly after the 1stweek, (P-value=0.0001). 

Serum concentrations of TNF-α across the four weeks 

of COVID-19 mild patients were evaluated with 

significant differences (P-value=0.0266). Mild patients 

showed a gradual decrease in IL-8 with high 

significance (P-value =0.0001). The results showed an 

increase in (IL-1β, IL-6, and IL-8) levels without 

significance in moderate patients across four weeks (P-

value=0.661, 0.074, 0.0651), respectively. In contrast, 

the data observed significant changes in the levels of 

TNF-α over time (P-value=0.0452). Patients of severe 

COVID 19 showed increased with significant 

differences in (IL-6, IL-8 and TNFα) (P-value=0.0438, 

0.0348, 0.0447) respectively, while the results showed 

no significant differences in IL-1β (P-value=0.0774) 

(Figures 2-5). 

 

Figure 1. COVID-19 patients are distributed according to the 

severity of the disease 
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Table 1. Clinical characteristics in COVID-19 patients across the four weeks 

 

Clinical 

Characteristic 

Mild Moderate Severe 

Week1 

N=12 

Week2 

N=8 

Week3 

N=8 

Week4 

N=17 

Week1 

N=9 

Week2 

N=8 

Week3 

N=10 

Week4 

N=7 

Week1 

N=12 

Week2 

N=17 

Week3 

N=15 

Week4 

N=9 

Signs and symptoms (%) 

Fever 10(83.3) 4(50)   7(77.7) 3(37.5)   11(91.6) 10(58.8.)   

Cough 8(66.6) 4(50)   3(33.3) 5(62.5) 5(50) 3(42.6) 10(83.3) 13(76.5) 12(80) 3(33.3) 

Sore throat 5(41.4) 1(12.5)   7(77.7) 2(25)   6(50) 3(17.6)   

Headache 8(66.6) 5(62.5) 4(50) 7(41.2) 4(44.4) 6(75) 2(20) 2(28.6) 8(66.6) 12(70.5) 6(40) 3(33.3) 

Shortness of breath   1(12.5)  7(77.7) 8(100) 6(60) 3(42.8) 12(100) 17(100) 15(100) 9(100) 

Fatigue 4(33.3) 4(50) 5(62.5) 9(52.9) 3(33.3) 2(25) 2(20) 3(42.6) 2(16.6) 3(17.6) 2(13.3)  

Muscle pain 8(66.6) 4(50) 5(62.5) 9(52.9) 4(44.4) 3(37.5) 4(00) 2(28.6) 3(25) 5(29.4)   

Chest pain    1(5.8)  1(12.5) 3(30) 1(14.3) 1(8.3) 8(47.1) 7(46.7) 5(55.5) 

Nausea and vomiting 5(41.4) 1(12.5)   1(11.1) 3(37.5)   3(25) 3(17.6)   

Diarrhea 5(41.4) 1(12.5)   1(11.1) 5(62.5)   4(33.3) 7(41.1)   

Loss of taste and smell 4(33.3) 4(50) 2(25) 8(47.0) 5(55.5) 3(37.5) 4(40) 2(28.6) 2(16.6)    

 

Table 2. Levels of proinflammatory cytokines in COVID-19 groups across four weeks 

 

Variables 1st Week 2nd Week 3rd Week 4th Week P-value 

Mild 

IL-6 64.82±6.27ab 55.14±7.18b 68.83±5.52a 53.13±5.0b 0.0071 

IL-1β 3714.88±547.45b 6722.02±366.37a 4963.62±856.44b 6310.31±446.96a 0.0001 

TNF-α 151.08±24.33a 99.35±13.49b 117.96±19.20ab 120.61±7.02ab 0.0266 

IL-8 619.91±175.62a 301.47±237.76a 75.36±20.86b 41.65±2.83b 0.0001 

Moderate 

IL-6 74.30±12.01 71.19±13.80 62.14±9.09 86.91±18.91 0.074 

IL-1β 2110.05±308.94 2421.00±844.38 2448.83±596.39 2734.45±881.46 0.661 

TNF-α 147.82±22.26ab 175.21±38.40a 148.32±27.92ab 122.78±16.52b 0.0452 

IL-8 864.39±283.97 750.70±251.03 953.71±229.40 590.49±235.87 0.0651 

Severe 

IL-6 70.89±6.56b 91.41±10.24a 74.23±9.87b 84.77±14.36ab 0.0438 

IL-1β 1653.43±213.52 1798.17±159.10 2245.75±468.77 1727.19±116.87 0.0774 

TNF-α 131.89±22.67ab 118.38±13.22b 169.98±15.17a 106.94±20.47b 0.0447 

IL-8 691.03±200.80b 798.83±192.07b 1355.72±195.06a 797.36±247.37b 0.0348 

 

The means that having the different letters in the same row differed significantly 

The means that having similar letters in the same row did not differ significantly 

The means that did not have letters in the same row did not differ significantly 

 

 
Figure 2. Levels of IL-6 pg/ml in COVID-19 groups across 

four weeks 

 
Figure 3. Levels of IL-1β pg/ml in COVID-19 groups across 

four weeks 
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4. Discussion 

Severe symptoms of acute respiratory distress 

syndrome (ARDS) with high mortality have been 

observed in some patients with COVID-19, resulting 

from a cytokine storm (8). The current study showed 

that individuals of any age could acquire COVID-19 

infection, although adults of middle age and older are 

most commonly affected. Previous studies documented 

that the effect of middle-aged and elderly patients 

infected with COVID-19 has been observed with more 

severe symptoms than younger-aged patients, and the 

median age ranged from 49 to 56 years (9). In an 

analysis from the United Kingdom, the risk of death 

among individuals 80 years and older was 20-fold that 

among individuals 50 to 59 years old (10). The 

COVID-19 disease was more prevalent in 69 males 

(52.3%) than in 63 (47.7 %) females. This study agrees 

with a study by Goyal, Choi (11) that also revealed that 

male patients with COVID-19 were higher than female 

patients. Badawi and Ryoo (12) found that the MERS-

CoV and SARS-CoV have also infected more males 

than females. The reduced susceptibility of females to 

viral infections could be attributed to the protection 

from the X chromosome and sex hormones, which play 

an essential role in innate and adaptive immunity (13). 

Examining sex hormones on the mutual effect of 

immunity and infection has shown that estrogens 

strengthen innate and adaptive immunity. Testosterone 

as a suppressor affects the immune system's 

functioning (14).  

A study conducted by Raimondi, Novelli (15) showed 

that biochemical factors such as coagulation factors and 

liver enzymes in women show a lower inflammatory 

state and minor tissue damage, which is caused by the 

role of the endothelium, as well as the importance of 

the estrogen hormone (for example, 17β-estradiol or 

E2) on the function of the vascular system, has also 

been suggested (16). 

This study's results agree with Killerby, Link-Gelles 

(17), which explained that shortness of breath is more 

common in severe patients than in non-severe patients. 

Other studies in China found that the dominant clinical 

features of COVID-19 patients were cough and fever, 

similar to the current study on initial symptoms of 

COVID-19 patients (9, 18). The data showed that 

headaches occurred more frequently in all stages of the 

disease. Guan, Ni (19) supported that some initial 

symptoms, including fatigue and muscle pain, are 

among the most common symptoms of mild disease. 

Sore throat and gastrointestinal symptoms did not differ 

between patients with non-severe and severe COVID-

19. According to current results of clinical 

characteristics, severe patients tend to have Chest pain 

after 1st week in some moderate and severe cases, 

which was consistent with the findings of Zhang, Dong 

(20). 

       This study observed loss of smell or taste in non-

severe patients. In agreement with Lechien, Chiesa-

Estomba (21), they noticed that younger or middle-

aged patients' changes in smell were strongly 

associated with COVID-19, mainly in women and 

 
Figure 4. Levels of TNF-α pg/ml in COVID-19 groups across 

four weeks 

 
Figure 5. Levels of IL-8 pg/ml in COVID-19 groups across 

four weeks 
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patients with fever; more have been reported. Although 

the reasons for the loss of smell caused by SARS-CoV-

2 are still unknown, the high tendency of the virus to 

multiply in the nasal cavity and the olfactory bulb, 

which have ACE-2 receptors, could be one of the 

reasons. Due to the high prevalence of this symptom in 

patients with taste disorders, it should be recognized by 

the international scientific community as an essential 

symptom of COVID-19 infection (21).  

     A study by Zeng, Yu (22) noticed that the levels of 

serum cytokines IL6, IL-8, and TNF-α, in survivors 

after 20 days of symptoms onsets were significantly 

lower than those of patients in the 1st week agrees with 

current results. The results showed an increase in the 

concentration of IL-1β in the 4th week as compared 

with the 1st week, in agreement with the results of Ling, 

Chen (8), who found levels of IL-1β in mild patients in 

the late phase had high than patients in early phase 

from symptoms onsets. Jøntvedt Jørgensen, Holter (23) 

showed an increase in IL-1β after 5 days and 10 days 

during hospitalization. It has been suggested that 

proinflammatory cytokines, especially IL-1α and IL-1β, 

play a prominent role in the development of central 

fatigue; therefore, we observed that fatigue was the 

most frequent symptom among mild to severe patients 

(23).  

     In agreement with the previous study by Ling, 

Chen (8), which showed no significant differences in 

moderate patients in levels of (IL-1β, IL-6, and IL-8) in 

early and late phases during the disease progression of 

moderate COVID-19. No significant differences in 

levels of TNF-α were observed in moderately ill 

patients in a study conducted by Jing, Xu (24). Our 

results showed a fluctuation in levels of (IL-6 and TNF-

α) during disease progression in patients of the severe 

group, IL-6 in the 2nd week showed significantly higher 

levels of serum IL-6 than those in other weeks, An 

increase in the level of TNF-α with high significance is 

noticed during the 3rd week. IL-8 was increased 

gradually after symptoms onset and decreased in the 4th 

week. At the same time, IL-1β gave similar levels over 

time. In agreement with Ling, Chen (8), IL-6 and IL-8 

were higher in the early and late phases among patients 

with more severe diseases. 

In contrast, two cytokines (IL-1β and IL-9) were 

lower only during the early phase among patients with 

more severe diseases. Another study showed that serum 

levels of IL-6 and IL-8 were higher in severe patients 

than in moderate patients, with significant differences 

in IL-6 (1st week to 5th week) and IL-8 (2nd week to 5th 

week), serum levels of TNF-α were slightly higher in 

severe patients (24). Whereas a study conducted by 

Tan, Zhang (25) observed IL-6 level was relatively 

normal at the onset of symptoms and then elevated and 

peaked at about 10 days, the IL-8 level gradually 

elevated between 1 and 30 days in severe and critical 

cases while remaining low in midland moderate cases. 

Immune cells in the host show different responses 

against infectious agents, including viruses (26). An 

effective immune response is essential in controlling 

and eliminating viral infection, but research has shown 

that a strong, exaggerated, or prolonged immune 

response can lead to organ dysfunction (27). Among 

the most important initiators of inflammatory responses 

are IL-6, IL-8, and TNF-α. The investigation of the 

pathophysiology of ARDS revealed that lung 

inflammation increases as inflammatory mediators such 

as IL-6, IL-8, and TNF- increase. In patients with 

SARS and MERS, proinflammatory cytokines 

increased in acute and severe cases compared to mild 

and moderate cases (28).  

Studies have demonstrated a correlation between the 

blood levels of cytokines and chemokines and the 

disease severity and clinical symptoms of COVID-19. In 

many COVID-19 patients, serum levels of cytokines and 

chemokine (IL-6, IL-1α, IL-1β, IL-8, IL-10, and IL-37), 

tumor necrosis factor-α and TNF-α) Furthermore, the 

transforming growth factor-β has been increased (29, 

30). Important alterations in IL-6 in COVID-19 have 

been identified as an early indicator of inflammatory and 

immunological responses in these patients. The increase 

of IL-6 in serum can be seen in the first 10 days after the 

onset of symptoms (31). In patients with severe 

symptoms of Covid-19, proinflammatory factors (IL-18, 
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IP-10, and IL-10) and ARDS-related cytokines (IL-6, 

IL-1RA, and IL-8) gradually increase. And then, seven 

days after the onset of symptoms, IL-8 and IP-10 levels 

increase (8); as other researchers have shown, serum 

levels of IL-6 and IL-8 increase with the severity of 

Covid-19 and mortality (32). As two IL-6 receptor 

antagonists, Tocilizumab and Sarilumab have been used 

to control COVID-19 (33). Ling, Chen (8) discovered 

that the serum level of IL-6 increased during the onset of 

the disease in patients identified with severe symptoms. 

This shows that the early measurements of IL-6 can be 

used to regulate the disease's symptoms and progression. 

Also, an increase in TNF-a has been observed in patients 

with severe COVID-19, which was not widespread (32). 

Measuring Th1 cytokines (IP-10 and IL-10) and ARDS 

(IL-6 and IL-8) in the early stages of the disease is 

beneficial in predicting the patient's condition. It can be 

used as an early marker in diagnosing and classifying 

severity. Also, recent research has shown that 

Tofacitinib, suppressing the Th1 response and IL-6 

production, reduces mortality in patients (34).  

The levels of proinflammatory cytokines would change 

with the progression of the disease, and we found that 

IL-6 may be the cytokine of early elevation in COVID-

19 patients. The serum concentration of IL-6, IL-8, and 

TNF-α was high in moderate and severe patients, while 

mild patients had higher IL-1β levels than moderate and 

severe patients. Due to the high prognostic values for 

proinflammatory cytokines, we could recommend its 

evaluation to differentiate the severity of covid-19. The 

proinflammatory cytokines (IL-1β, IL-6, IL-8, and TNF-

α) and their receptors must be investigated at the 

molecular level to determine their gene expression in 

covid-19 patients. Other family members of anti-

proinflammatory cytokines (IL-37 and IL-38) require 

intensive investigations at the phenotype (serum level) 

and genotype (SNPs) levels in covid-19 patients.  
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