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Background: The severe manifestation of coronavirus disease 2019 (COVID-19) is known to be mediated by several cytokines and 
chemokines. The study aimed to compare the early cytokine profile of mild and severe COVID-19 patients to that with COVID-19-like 
symptoms and tested negative for Severe Acute Respiratory Syndrome Coronavirus-2 in the Reverse-Transcriptase Polymerase Chain 
Reaction (RT-PCR) test.
Methods: This was a prospective, observational study on COVID-19 patients admitted to King Khalid University Hospital, King 
Saud University Medical City from June to November 2020. Clinical and biochemical data were collected from hospital charts. Blood 
samples were collected at the time of hospital admission to measure cytokines. A Cytokine and Growth Factor High-Sensitivity Array 
was used to quantitatively measure cytokines.
Results: The study included 202 RT-PCR-positive individuals and 61 RT-PCR-negative individuals. C-Reactive protein (CRP) and 
Interleukin-10 (IL-10) levels were found significantly elevated in the RT-PCR positive group compared to the RT-PCR negative group 
(p=0.001). Patients with severe COVID-19 had significantly longer median hospital stays than those with mild COVID-19 cases (7 vs 6 
days). They also had higher CRP and Vascular Endothelial Growth Factor (VEGF) levels and lower Interleukin-4 (IL-4) levels compared to 
the mild cases. CRP, interleukin-6, IL-10, VEGF, and Monocyte Chemoattractant Protein-1 (MCP-1) levels were significantly elevated in 
men and IL-10 was significantly higher and interleukin-8 was significantly lower in women compared to negative controls. Elevated 
Interferon-ɣ (IFN-γ) and IL-10 levels were seen in mild COVID-19 cases and elevated level of MCP-1 was seen in severe COVID-19 cases 
when categorized according to the length of stay in the hospital.
Conclusion: CRP and IL-10 levels were elevated in the RT-PCR positive group. People with severe COVID-19 had higher CRP and 
VEGF levels and lower IL-4 levels. Elevated IFN-γ and IL-10 levels were seen in mild COVID-19 cases and elevated level of MCP-1 
was seen in severe COVID-19 cases when categorized according to the length of stay in the hospital.
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Introduction
The coronavirus disease 2019 (COVID-19) caused by severe acute respiratory syndrome coronavirus-2 (SARS-CoV2) 
became a pandemic affecting the population worldwide. While most patients remain asymptomatic and have a mild disease, 
some require hospitalization. The severity of the disease is largely dependent on age and the presence of comorbidities. The 
severe manifestation of COVID-19 is known to be mediated by several cytokines and chemokines. When the virus infects the 
lung cells by attaching to the ACE2 receptors, it activates the macrophages, natural killer cells, chemokines, and cytokines.1 

Excessive production of inflammatory cytokines aggravates respiratory distress and causes extensive tissue damage in other 
organs. COVID-19 can trigger an uncontrolled release of cytokines, known as a “cytokine storm” which can lead to respiratory 
failure, multiple organ failure, and death.2 This systemic inflammation along with comorbid conditions such as hypertension, 
diabetes, and heart disease results in the worst prognosis for COVID-19 patients.3

It is interesting to note that the severity of COVID-19 is heterogeneous but the exact mechanisms behind the 
heterogeneity are not fully understood. Several researchers have attempted to understand the molecular basis of immune 
response to SARS-CoV2 to identify suitable biomarkers or targets to predict and treat the COVID-19 disease 
progression.4,5 The excessive inflammatory response has been one of the hallmarks of the development of severe 
COVID-19 infection. Cytokines and chemokines are in the midst of the pro-inflammatory and anti-inflammatory 
pathways. The imbalance between these systems will result in tissue damage and lead to severe disease.6 Several studies 
have reported marked elevation of pro-inflammatory cytokines and chemokines in severe cases of COVID-19. TNF-α, 
IL-6, IL-8, and IL-10 were found higher in patients with severe COVID-19 when compared to mild cases.7 Another study 
found levels of cytokines IL-6, IL-1RA, IL-10, and G-CSF to be the difference between patients with and without clinical 
endpoints. However, the study concluded that the cytokine storm reflected by the increased release of cytokines did not 
correlate with the standard parameters of disease severity.8 Age, one of the comorbidities of COVID-19 was found to be 
associated with cytokine signatures in COVID-19 patients. IL-8, IL-10, IL-15, IL-27, and TNF-α levels correlated with 
older age, longer duration of hospitalization, and severity of the disease in patients with COVID-19.9

Even though the altered levels of cytokines and chemokines have been frequently reported, it is not easy to 
differentiate the dysfunctional and normal cytokine responses. Cytokines and chemokines are part of the host immune 
response and are needed to clear infections. The immune response is an important process that could affect the prognosis 
of COVID-19 infection. Therefore, knowledge of the influence of host response on the severity of the disease will be 
necessary for the appropriate management of COVID-19. Previous studies have compared the differences in the cytokine 
levels in patients with COVID-19 to either healthy controls6 or mild cases of COVID-19.10 To better understand the 
unique cytokine signatures of COVID-19, we decided to compare the cytokine profile of mild and severe COVID-19 
patients to that with COVID-19-like symptoms and tested negative for SARS-CoV-2 antigen in the RT-PCR test.

Methods
Study Design
This was a prospective, observational study on patients admitted with suspected COVID-19 to King Khalid University 
Hospital (KKUH), King Saud University Medical City (KSUMC), Riyadh, Saudi Arabia from June to November 2020, who 
were included in this COVID-19 cohort. The Saudi Center for Disease Prevention and Control’s recommendations published 
in April 2020 was used as the basis for the diagnosis of SARS-CoV2 infection.11 Patients with symptoms of COVID-19 swab 
samples were collected from the patient’s upper respiratory tract (nasopharyngeal and/or oropharyngeal), placed in a viral 
transport media, and delivered immediately to a biosafety Level 2-facility (BSL-2) in KSUMC, Riyadh, KSA, for reverse 
transcription-polymerase chain reaction (RT-PCR) analysis. Patients with negative RT-PCR assay tests were assessed again 
within 48–72 hours to avoid the false-negative test.

This research was reviewed and approved by the Institutional Review Board (IRB) College of Medicine, King Saud 
University, Saudi Arabia. Written informed consent was obtained from all the patients who participated in this study. 
Clinical data were extracted from the electronic medical files for the identified patients using a predesigned case report 
form. Demographic characteristics, clinical, biochemical, and hematological laboratory findings on admission, treatment, 
and outcomes were retrieved from medical records.
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Biochemical Analysis
Patients were recruited at hospital admission and blood samples were taken for cytokine measurement during the “early 
phase” within 48 hours of admission. 5 mL of the patient’s blood samples were collected via venipuncture for the Evidence 
Investigator Cytokine and Growth Factors High-Sensitivity Array, and routine biochemistry laboratory measurements. The 
blood and serum samples were obtained during the time of hospital admission for COVID-19. Human serum (non-hemolyzed 
and non-lipemic) are stored frozen in small aliquots at −80° C. The Evidence Investigator Cytokine High-Sensitivity Array is 
used to Quantitatively measure multiple cytokines immunoassays from a single sample for detection of Epidermal Growth 
Factor (EGF), Interferon-γ (IFN-γ), Interleukin-1α (IL-1α), Interleukin-1β (IL-1β), Interleukin-2 (IL-2), Interleukin-4 (IL-4), 
Interleukin-6 (IL-6) Interleukin-8 (IL-8), Interleukin-10 (IL-10), Monocyte Chemotactic Protein-1 (MCP-1), Tumor Necrosis 
Factor-α (TNF-α), Vascular Endothelial Growth Factor (VEGF) respectively according to the manufacturer’s instructions 
(catalog No.EV3623) Randox Laboratories Limited, United Kingdom.

The Severity of COVID-19 (Mild and Severe Cases)
The severity of COVID-19 was classified as mild and severe as previously described.12 Severe cases included any patient 
with shortness of breath, loss of appetite, confusion or persistent pain or pressure in the chest, respiratory distress, 
respiratory rate ≥30/min or oxygen saturation ≤93% in room air or mechanical ventilation, developed shock, or had other 
organ failures or admitted to Intensive Care Unit (ICU). All other RT-PCR-positive cases were considered mild. Those 
who had RT-PCR negative reports and were hospitalized for less than 5 days were included as a comparator.

Statistical Analysis
Data analysis was done using the Statistical Package for Social Sciences (SPSS) version 23.0 (IBM, SPSS, Armonk, 
New York, USA). Demographic characteristics were presented as numbers (n) and percentages (%) for categorical variables 
and continuous data were described with median and interquartile range (IQR). Kolmogorov Smirnov Test was performed to 
determine the normality of the distribution for continuous variables. A Chi-Square test was done to determine differences in 
the proportions of categorical variables. Non-parametric Mann–Whitney U-test was used to determine the significant 
difference in the blood biochemistry and inflammatory markers results between RT-PCR positive and negative patients, 
mild and severe RT-PCR positive patients, and between admission positive and negative RT-PCR results for men and women. 
P value ≤0.05 was considered statistically significant.

Results
The study included 202 RT-PCR-positive individuals and 61 RT-PCR-negative individuals. The demographic profiles of the 
study subjects show that RT-PCR-positive patients were younger (51.9 years) compared to the RT-PCR-negative group (60.0 
years) (Table 1). Other common comorbidities found higher in RT-PCR positive group were diabetes and hypertension followed 
by coronary heart disease. While, the clinical presentation of the RT-PCR-positive group was dominated by shortness of breath, 
cough, and fever. The biochemical characteristics of study participants showed elevated liver enzyme Alanine aminotransferase 
(ALT), and fibrinogen in RT-PCR positive group compared to the RT-PCR-negative group (Table 2). Conversely, BUN, 
International normalised ratio (INR), and Prothrombin time (PT) were significantly lower in the RT-PCR-positive group 
compared to the RT-PCR-negative group (p=0.004). Inflammatory markers C-reactive protein (CRP) and IL-10 levels were 
found significantly elevated in the RT-PCR positive group compared to the RT-PCR-negative group (p=0.001), while the other 
markers such as IL-2, IL-4, IL-6, IL-8, VEGF, IFN- ɣ, TNF-α, IL-1α, IL-1β, MCP-1, and EGF were not significantly different 
between the groups.

The RT-PCR-positive patients were categorized into mild and severe symptoms. Out of the two hundred and two 
RT-PCR-positive patients included in the study, 81 (40.1%) were with mild COVID-19 symptoms and 121 (59.9%) 
were with severe COVID-19 symptoms at the time of hospitalization (Table 3). Individuals with severe COVID-19 
symptoms were significantly older (55.9 years) than those with mild covid-19 symptoms (p<0.001). The frequency 
of gender was equally distributed among the mild and severe COVID-19 symptom groups (p=0.004). In severe 
COVID-19 cases, the median hospitalization duration was significantly higher than the mild cases (p<0.001). The 
respiratory rate was significantly higher among the severe COVID-19 subjects group compared to the mild cases 

Journal of Inflammation Research 2023:16                                                                                          https://doi.org/10.2147/JIR.S408663                                                                                                                                                                                                                       

DovePress                                                                                                                       
2633

Dovepress                                                                                                                                                          Alfadda et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Table 1 Demographic Profile and Clinical Presentation of People with COVID-19 RT-PCR Positive 
Patients and Negative Reports at the Time of Hospitalization

Parameters RT-PCR Positive Result RT-PCR Negative Result P values
N=202 N=61

Age (years) 51.92 ± 18.1 60.09 ± 19.35 0.003a

Gender

Male n (%) 105 (52.0) 30 (50.8) 0.878

Female n (%) 97 (48.0) 29 (49.2)

Admitted to Hospital in days, median (range) 7.0 (2.0–60.0) 5.0 (2.0–9.0) 0.050

Respiratory rate (per min) 22.26 4.7 20.75 ± 3.78 0.022a

Pulse Rate (per min) 89.51 ± 14.9 89.78 ± 18.2 0.907

SBP in mmHg 126.63 ± 18.4 126.02 ± 19.1 0.866

DBP in mmHg 72.84 ± 12.0 71.98 ± 15.2 0.693

Comorbidities n (%)

Diabetes 103 (51.0) 27 (44.3) 0.358

Hypertension 88 (43.6) 32 (52.5) 0.222

Coronary heart disease 39 (19.3) 17 (27.9) 0.153

COPD 14 (6.9) 4 (6.6) 0.920

CKD 17 (8.4) 8 (13.1) 0.271

Carcinoma 10 (5.0) 5 (8.2) 0.337

Immunosuppressive Disease 3 (1.5) 2 (3.2) 0.368

Clinical presentation n (%)

Loss of sense of odor 10 (5.0) 0 0.077

Loss of sense of taste 7 (3.5) 0 0.142

Loss of appetite 19 (9.4) 4 (6.6) 0.531

Fever 76 (37.6) 5 (8.2) <0.001a

Cough 84 (41.6) 9 (14.8) <0.001a

Fatigue 24 (11.9) 3 (4.9) 0.129

Shortness of breath 99 (49.0) 10 (16.4) <0.001a

Runny nose 8 (4.0) 1 (1.6) 0.396

Sore throat 19 (9.4) 2 (3.2) 0.133

Body aches 29 (14.4) 10 (16.4) 0.644

Diarrhea 25 (12.4) 2 (3.2) 0.046a

CNS presentation 13 (6.4) 1 (1.6) 0.150

Headache 8 (4.0) 1 (1.6) 0.394

Confusion 3 (1.5) 0 0.347

Notes: Data are expressed as n (%), mean ± SD. aSignificantly different. The difference between the RT-PCR Positive and RT-PCR 
Negative subsets was analyzed using Fisher’s exact test or chi-squared test. 
Abbreviations: COPD, Chronic Obstructive Pulmonary Disease; CKD, Chronic Kidney Disease; CNS, Central Nervous System; 
DBP, diastolic Blood Pressure; RT-PCR, Reverse-transcriptase polymerase chain reaction; SBP, Systolic Blood Pressure.
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group (p=0.001), while the other vital signs such as pulse rate, body mass index (BMI), systolic and diastolic blood 
pressure did not differ significantly between the two groups. The frequency of comorbidities such as diabetes, 
hypertension, coronary heart disease, Chronic Obstructive Pulmonary Disease (COPD), and Chronic Kidney Disease 
(CKD) was significantly higher in the severe COVID-19 group compared to the mild group (p=0.036, p<0.001, 

Table 2 Biochemical Characteristics of COVID-19 RT-PCR Positive Patients and RT-PCR 
Negative at the Time of Hospitalization

Parameters RT-PCR Positive Result RT-PCR Negative result P value
N=202 N=61

Blood Biochemistry

AST (U/L) 44.38 (6.0–249) 27.50 (6–606) 0.114

ALT (U/L) 35.5 (8–305) 31.0 (5–1000) 0.001a

Creatinine (µmol/L) 78.0 (28–1213) 78.0 (41–733) 0.060

BUN, (mmol/L) 4.60 (1.3–33.3) 5.25 (2.0–30.4) 0.004a

D-dimer, (µg/L) 1.17 (0–20) 1.67 (0–20) 0.244

Fibrinogen (g/L) 5.85 (2–11) 5.15 (3–8) 0.047a

INR (seconds(s)) 1.05 (0.87–1.48) 1.15 (0.94–1.36) <0.001a

PT (seconds(s)) 14.20 (11.9–22.1) 15.25 (13.0–25.9) <0.001a

PTT (seconds(s)) 38.45 (28.9–91.8) 39.45 (26.3–60.0) 0.471

FBS (mmol/L) 6.48 (4–26) 6.68 (4–20) 0.551

Inflammatory markers

CRP (mg/L) 89.0 (2–270) 22.30 (0–149) 0.001a

IL-2 (pg/mL) 0.68 (0–27.92) 0.71 (0–4.21) 0.911

IL-4 (pg/mL) 1.06 (0–3.25) 1.09 (0.51–1.64) 0.804

IL-6 (pg/mL) 9.75 (0.39–462.27) 6.63 (0.49–255.90) 0.682

IL-8 (pg/mL) 25.43 (1.88–797) 23.1 (2.33–797) 0.338

IL-10 (pg/mL) 1.97 (0–78.65) 0.94 (0.25–30.36) <0.001a

VEGF (pg/mL) 228.39 (2.55–1183.4) 167.05 (8.62–535.67) 0.662

IFNG (pg/mL) 0.41 (0–37.61) 0.32 (0–48.67) 0.259

TNFA (pg/mL) 6.04 (1.27–29.53) 6.37 (1.45–51.15) 0.562

IL-1A (pg/mL) 0.00 (0–1.02) 0.00 (0–1.15) 0.762

IL-1B (pg/mL) 0.86 (0–3.88) 0.96 (0–20.36) 0.988

MCP-1 (pg/mL) 167.94 (14.89–697) 160.54 (30.73–697) 0.186

EGF (pg/mL) 109.71 (8.87–707.51) 84.29 (4.96–289.81) 0.099

Notes: Data are expressed as median (IQR) (25th-75th percentile). aSignificant difference between the RT-PCR Positive 
and RT-PCR Negative subset by Mann Whitney U-test. 
Abbreviations: ALT, Alanine aminotransferase; AST, Aspartate aminotransferase; BUN, Blood urea nitrogen; CRP, 
C-Reactive Protein; EGF, epidermal growth factor; FBS, Fasting Blood Sugar; IFNG, Interferon-ɣ; INR, International 
normalised ratio; IL-2, Interleukin-2; IL-4, Interleukin-4; IL6, Interleukin-6; IL-8, Interleukin-8; IL-10, Interleukin-10; IL- 
1A, Interleukin-1α; IL-1B, Interleukin-1β; MCP-1, Monocyte Chemoattractant Protein-1; PT, Prothrombin time; PTT, 
Partial thromboplastin time; RT-PCR, Reverse-transcriptase polymerase chain reaction; TNFA, Tumor Necrosis Factor- 
α; VEGF, Vascular Endothelial Growth Factor.
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Table 3 Demographic Profile and Clinical Presentation of COVID-19 RT-PCR Positive Patients with Mild and 
Severe Symptoms at the Time of Hospitalization

Parameters Mild Cases Severe Cases P values
N=81 (40.1%) of RT-PCR- 

Positive Cases
N=121 (59.9%) of RT-PCR- 

Positive Cases

Age (years) 45.95 ± 18.10 55.95 ± 17.00 <0.001a

Gender

Male n (%) 32 (39.5%) 48 (37.7%) 0.004a

Female n (%) 49 (60.5%) 73 (60.3%)

Admitted to Hospital in days, median (range) 6.00 (2.00–9.00) 7.00 (2.00–60.00) <0.001a

BMI (kg/m2)b

<18 n (%) 1(1.2%) 1 (0.8%) 0.597

18.5–24.9 n (%) 21 (25.9%) 24 (19.8%)

25–29.9 n (%) 21 (25.9%) 41 (33.9%)

≥30 n (%) 32 (39.5%) 49 (40.5%)

Not available BMI result 6 (7.4%) 6 (5.0%)

Respiratory rate (per min) 20.96 ± 3.70 23.12 ± 5.10 0.001a

Pulse Rate (per min) 90.90 ± 16.90 88.58 ± 13.50 0.287

SBP in mmHg 125.95 ± 17.90 127.08 ± 18.70 0.669

DBP in mmHg 73.52 ± 12.20 72.38 ± 11.90 0.512

Comorbidities n (%)

Diabetes 34 (42.0%) 69 (57.0%) 0.036a

Hypertension 20 (24.7%) 68 (56.2%) <0.001a

Coronary heart disease 6 (7.4%) 33 (27.5%) <0.001a

COPD 2 (2.5%) 12 (10.1%) 0.040a

CKD 3 (3.7%) 14 (11.6%) 0.048a

Carcinoma 3 (3.7%) 7 (5.8%) 0.496

Immunosuppressive Disease 2 (2.5%) 1 (0.8%) 0.348

Clinical presentation n (%)

Loss of appetite 0 19 (15.7%) <0.001a

Fever 1 (1.3%) 75 (62.0%) <0.001a

Cough 8 (10.0%) 76 (62.8%) <0.00a

Tiredness 2 (2.5%) 22 (18.3%) 0.001a

Shortness of breath 1 (1.3%) 98 (81.0%) <0.001a

Body aches 2 (2.5%) 27 (22.7%) <0.001a

Mortality n (%), died within the follow-up period 2 (2.6%) 10 (8.5%) 0.129

Notes: Data are expressed as n (%), mean ± SD, median (IQR) (25th-75th percentile). aSignificant difference between mild cases of RT-PCR 
positive cases and severe cases of RT-PCR positive cases by fisher’s exact test or chi-square test and by Mann Whitney U-test. bBMI results 
were available for 190 patients only. 
Abbreviations: BMI, Body Mass Index; COPD, Chronic Obstructive Pulmonary Disease; CKD, Chronic Kidney Disease; DBP:Diastolic 
Blood Pressure, RT-PCR; Reverse-transcriptase polymerase chain reaction; SBP: Systolic Blood Pressure.
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p<0.001, p=0.040, and p=0.048 respectively). COVID-19-related symptoms such as loss of appetite (15.7%), fever 
(62.0%), cough (62.8%), tiredness (18.3%), shortness of breath (81.0%), and body aches (22.7%) were significantly 
higher among the severe COVID-19 symptoms group compared to the mild symptoms group.

The biochemical characteristics and cytokine profile of RT-PCR-positive patients with mild and severe symptoms at 
the time of hospitalization are shown in Table 4. Liver enzymes (ALT and Aspartate aminotransferase (AST)), creatinine, 
Blood Urea Nitrogen (BUN), and fibrinogen were significantly elevated in the severe covid-19 cases group compared to 
the mild COVID-19 cases group (p=0.044, p=0.004, p= 0.006, and p=0.002 respectively). IL-4 level was found to be 

Table 4 Biochemical Characteristics and Cytokine Profile of Covid-19 RT-PCR Positive Mild and Severe 
Patients

Parameters Mild Cases Severe Cases P values
N=81 (40.1%) of RT-PCR- 

Positive Cases
N=121 (59.9%) of RT-PCR- 

Positive Cases

Blood Biochemistry

AST (U/L) 24.00 (9.00–180.00) 37.00 (6.00–249.00) 0.044a

ALT (U/L) 30.00 (8.00–182.00) 42.00 (8.00–305.00) 0.004a

Creatinine (µmol/L) 70.50 (30.00–462.00) 82.00 (28.00–1213.00) 0.006a

BUN, (mmol/L) 4.00 (1.20–33.30) 4.80 (1.30–33.00) 0.006a

D-dimer, (µg/L) (Median (IQR)) 1.14 (0.00–20.00) 1.05 (0.00–20.00) 0.523

Fibrinogen (g/L) 4.28 (2.00–9.00) 6.20 (2.00–11.00) 0.002a

FBS (mmol/L) 5.80 (4.00–26.00) 7.40 (3.00–22.00) 0.020a

Inflammatory markers at the time of admission

CRP (mg/L) 59.00 (2.00–224.00) 100.00 (4.00–270.00) 0.014a

IL-2 (pg/mL) 1.00 (0.00–28.00) 0.00 (0.00–22.00) 0.546

IL-4 (pg/mL) 1.17 (0.00–9.02) 1.05 (0.00–3.25) 0.042a

IL-6 (pg/mL) 8.05 (0.40–515.00) 10.91 (0.39–515.00) 0.291

IL-8 (pg/mL) 19.59 (3.05–797.00) 28.25 (1.88–797.0) 0.054

IL-10 (pg/mL) 1.41 (0.00–78.65) 1.94 (0.19–18.46) 0.156

VEGF (pg/mL) 116.35 (2.46–1044.16) 234.35 (0.00–1183.40) 0.003a

IFNG (pg/mL) 0.38 (0.00–33.23) 0.46 (0.00–6.11) 0.495

TNFA (pg/mL) 6.14 (2.28–24.74) 6.11 (1.27–45.26) 0.533

IL-1A (pg/mL) 0.00 (0.00–0.1.29) 0.08 (0.00–1.02) 0.116

IL-1B (pg/mL) 0.82 (0.00–9.31) 0.88 (0.00–6.53) 0.861

MCP-1 (pg/mL) 126.31 (14.89–697.00) 173.11 (16.49–697.00) 0.096

EGF (pg/mL) 114.34 (8.87–707.51) 101.78 (0.71–616.51) 0.418

Notes: Data are expressed as n (%), mean ± SD, median (IQR) (25th-75th percentile). aSignificant difference between mild cases of RT- 
PCR positive cases and severe cases of RT-PCR positive cases by fisher’s exact test or chi-square test and by Mann Whitney U-test. 
Abbreviations: ALT, Alanine aminotransferase; AST, Aspartate aminotransferase; BUN, Blood urea nitrogen; CRP, C-Reactive Protein; 
EGF, epidermal growth factor; FBS, Fasting Blood Sugar; IFNG, Interferon-ɣ; INR, International normalised ratio; IL-2, Interleukin-2; IL-4, 
Interleukin-4; IL6, Interleukin-6; IL-8, Interleukin-8; IL-10, Interleukin-10; IL-1A, Interleukin-1α; IL-1B, Interleukin-1β; MCP-1, Monocyte 
Chemoattractant Protein-1; RT-PCR, Reverse-transcriptase polymerase chain reaction; TNFA, Tumor Necrosis Factor-α; VEGF, Vascular 
Endothelial Growth Factor.
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Figure 1 Cytokine levels in RT-PCR negative, mild RT-PCR positive subjects, and severe RT-PCR positive subjects according to the length of stay in the hospital. 
Note: A significant difference between RT-PCR negative cases, mild cases of RT-PCR positive cases and severe cases of RT-PCR positive cases by fisher’s exact test or chi- 
square test and by Mann Whitney U-test. 
Abbreviations: EGF, epidermal growth factor; IFNɣ, Interferon-ɣ; IL-2, Interleukin-2; IL-4, Interleukin-4; IL-6, Interleukin-6; IL-8, Interleukin-8; IL-10, Interleukin-10; IL-1α, 
Interleukin-1α; IL-1β, Interleukin-1β; MCP-1, Monocyte Chemoattractant Protein-1; TNFα, Tumor Necrosis Factor-α; VEGF, Vascular Endothelial Growth Factor.
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significantly lower in the severe COVID-19 symptom group compared to the mild symptoms group (p=0.042). On the 
other hand, the other cytokines such as IL-2, IL-6, IL-8, IL-10, IFNG, TNF-α, IL-1α, IL-1β, MCP-1, and EGF were not 
significantly different between the groups. Moreover, FBS CRP and VEGF levels were significantly elevated in the 
severe COVID-19 group compared to the mild COVID-19 symptoms group (p=0.020, p=0.014, p=0.003) respectively.

There was a gender difference in the biomarker profile of covid-19 RT-PCR positive compared to RT-PCR negative 
study participants (Supplementary Tables 1 and 2). CRP, IL-6, IL-10, VEGF, and MCP-1 levels were significantly 
elevated in the male subjects with COVID-19 positive group at the time of hospitalization compared to COVID-19 
negative male subjects (p=0.001, p=0.033, p=0.001, p=0.053, and p=0.048 respectively). Whereas, IL-10 was signifi-
cantly elevated and IL-8 was significantly decreased in the female subjects with COVID-19 positive group at the time of 
hospitalization compared to COVID-19 negative female participants (p=0.003 and p=0.028 respectively).

The serum cytokine levels in RT-PCR negative, mild RT-PCR positive subjects, and severe RT-PCR positive subjects were 
compared according to the length of stay in the hospital (Figure 1). The participants were categorized based on their hospital 
length of stay. The cytokine levels of mild and severe COVID-19 groups were compared against RT-PCR negative group. 
However, since the RT-PCR negative group included individuals with less than 5 days, we compared the cytokine levels 
between mild and severe groups in categories of duration of hospitalization more than 10 days. IL-10 levels were significantly 
higher in mild and severe cases compared to the RT-PCR negative among people with a length of stay in the hospital of 1–10 
days (p<0.001). However, in people with a length of stay in the hospital between 20–30 days IL-10 levels were higher in mild 
cases compared to severe COVID-19 cases (p=0.021). VEGF levels were significantly higher in severe COVID-19 cases 
when compared to RT-PCR negative group with 1–10 days of stay in the hospital (p=0.015) and in mild COVID-19 cases with 
11–20 and 20–30 days of stay in the hospital (p=0.037 and p=0.018) respectively. IFN-γ was significantly lower in severe 
cases compared to mild cases in people who had a 20–30 days stay in the hospital (p=0.041). The severe COVID-19 group had 
a higher MCP-1 level than the mild cases among participants who had a length of stay in the hospital of 11–20 days (p=0.020). 
The scatter plots show the relationship between cytokines and length of stay in the hospital (Supplementary Figure 1a and b). 
IL-6 and EGF-1 levels were positively associated with the length of stay in the hospital among mild and severe COVID-19 
cases whereas IL-6, IL-8, Il-10, IFN-γ, TNF-α, and MCP-1 levels showed association only in severe cases.

Discussion
The severity of covid-19 is heterogeneous and the exact mechanisms behind the heterogeneity are not fully understood. 
Cytokines are small proteins that play a role in the immune system. They affect cell growth, differentiation, and death. 
Cytokines are secreted by various types of cells and bind to specific receptors on other cells.13 In this study, we found that 
serum CRP and IL-10 levels were significantly higher in COVID-19 patients at the time of hospitalization compared to 
the RT-PCR-negative individuals. CRP, an inflammatory marker is known to be associated with COVID-19. Elevated 
serum CRP level was seen in the majority of patients with severe COVID-19.14 CRP levels increase rapidly and reach 
a peak within 48 h of the illness.15 IL-10 is an anti-inflammatory cytokine that suppresses the production of Th1 
cytokines. It is produced in response to the rapid production of pro-inflammatory cytokines.16 Remarkably, in our study, 
the levels of pro-inflammatory cytokines such as TNF-α and IL-6 were not higher than the RT-PCR negative group. It 
appears that the RT-PCR-negative individuals had certain clinical conditions, that led to the high level of pro- 
inflammatory markers resulting in comparable pro-inflammatory cytokine levels between positive and negative groups. 
Nevertheless, the significantly higher serum CRP levels in the RT-PCR positive group distinguished the positive and 
negative cases. The demographic and clinical characteristics of individuals with severe COVID-19 in our study are in 
agreement with previously reported characteristics of severe COVID-19.17 The frequency of symptoms was found more 
in people with severe COVID-19 compared to those with mild disease.

The biochemical parameters of severe COVID-19 cases revealed elevated levels of liver enzymes, creatinine, BUN, 
fibrinogen, and fasting blood sugar. D-dimer levels were raised in both the mild and severe groups. Expectedly the serum 
CRP levels were higher in severe cases, while the IL-4 level was significantly lower in people with severe COVID-19. 
IL-4 is an anti-inflammatory cytokine generated from Th2 cells and it interferes with the immune response of Th1 cells.18 

Moreover, IL-4 is known to downregulate the ACE2 receptors,19 a target of SARS-CoV-2 virus entry. A lower level of 
IL-4 in severe COVID-19 cases is therefore comprehensible. The baseline levels of pro-inflammatory markers such as 
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IL-2, IL-6, and TNF-α, could not differentiate between the mild and severe cases of COVID-19 in our study population. 
VEGF is another molecule that was found higher in people with severe COVID-19 in our study. It is a vascular 
permeability factor involved in the angiogenesis in various pathological conditions20 and is increased in response to pro- 
inflammatory cytokines.21 A previous study found elevated VEGF levels in COVID-19 patients on arrival at the hospital 
and it correlated with inflammatory markers.22 However, in our study, the pro-inflammatory cytokines were not higher in 
severe COVID-19 compared to mild cases. We collected the blood samples at the time of hospitalization. Therefore, it 
might have been in an early stage before the levels of the inflammatory cytokine were elevated. When the mild and 
severe cases were categorized according to the duration of hospitalization, the VEGF levels continued to be higher in 
severe cases up to 30 days of hospitalization. VEGF is an angiogenic factor reported to be involved in pathological 
angiogenesis and vasculogenesis.23 It is involved in the pathogenesis of COVID-19 and has been implicated in the 
severity of the disease. It plays a substantial role in abnormal vascular remodeling and increased vascular permeability 
following decreased oxygen saturation.24 In addition, it is thought that VEGF may have a role in the movement of the 
virus from the lungs to blood circulation.25 As none of the inflammatory cytokines were elevated at the time of 
hospitalization, it seems the VEGF levels increased well before the cytokines were triggered. It is also possible that 
the role of VEGF in COVID-19 pathophysiology may be independent of the cytokine signaling and inflammatory status 
of the patients.

IFN-γ is secreted by Th1 cells and it plays an important role in the antiviral defense by controlling the virus replication 
and activating the cytokine secretion from T cells. It is reported to control SARS-CoV-2 infection.26 However, a persistently 
high level of IFN-γ exacerbates the inflammation and is implicated in the severe manifestation of COVID-19.27 Our results 
show that IFN-γ was elevated in people who had mild disease and had a hospital length of stay of 20–30 days when 
compared to severe cases with the same duration. Interestingly, the Th2 cytokine IL-4 levels were not remarkably different 
across different categories of the duration of hospitalization. It may be possible that the group of individuals who had 20–30 
days of the length of stay in the hospital had a dominant Th1 response as indicated by the elevated IFN-γ levels.

MCP-1 is a chemotactic cytokine that regulates the movement of monocytes and macrophages. It is also linked to the 
severity of the disease in COVID-19 like cytokines.28 Individuals with severe COVID-19 and 11–20 days of hospitaliza-
tion were found to have elevated MCP-1 levels than the milder cases of similar duration among our study participants. 
MCP-1 levels of severe cases with 20–30 days of hospital stay were also high but not significant. On the other hand, the 
overall MCP-1 levels were found similar between individuals with mild and severe COVID-19. Previous studies found 
that MCP-1 level was higher among patients admitted to ICU29 and among those who had respiratory failure.30 Another 
study found that MCP-1 levels were similarly elevated in mild and severe COVID-19 cases compared to healthy 
controls.31 A rapid early increase in MCP-1 levels was reported in COVID-19 patients during the acute phase of the 
disease and it declined gradually with the disease progress.32 In our study, the serum MCP-1 levels at the time of 
hospitalization did not discriminate between the mild and severe cases of COVID-19 except for those who had a length 
of stay in the hospital of 20–30 days. It could be possible that the immune response had not picked up momentum at the 
time of hospitalization. The lower level of IL-6 in both mild and severe COVID-19 in our study participants might be 
actually due to the lower levels of MCP-1 which would have led to the lower mobilization of IL-6-producing 
macrophages.

Elevated IL-10 level is widely reported in COVID-19. It is also linked to severe COVID-19 despite being an anti- 
inflammatory and immunosuppressive cytokine. Increased IL-10 secreting regulatory T cells were found to be a distinct 
feature of severe COVID-19.33 It is thought that IL-10 is elevated to counter the hyper-inflammation caused by the pro- 
inflammatory cytokines in COVID-19.16 Our results show that IL-10 was significantly higher in people with mild and 
severe COVID-19 compared to RT-PCR negative group when the duration of hospitalization was less than 10 days. 
However, among people who stayed in the hospital for more than 20 days, IL-10 was predominant in mild COVID-19 
cases. It appears having an early elevation of anti-inflammatory cytokine IL-10 could counter the inflammatory 
pathogenesis of COVID-19 and the individuals who did not have elevated IL-10 at the time of hospitalization had 
a severe manifestation. But, among patients with more than 30 days of hospitalization, the IL-10 levels were only slightly 
higher in mild cases than the severe cases. As the duration of hospitalization increases, it is highly likely that patients 
experienced persistent symptoms, even among mild cases. Therefore, we were not able to observe any significant 
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differences in pro-inflammatory or anti-inflammatory cytokines between mild and severe cases among patients who had 
a hospitalization duration of more than 30 days.

Cytokine profiles of people with COVID-19 are known to exhibit gender differences. Pro-inflammatory cytokines are 
reported to be higher in men than in women.34 Our results also show that men had significantly higher CRP, IL-10, 
VEGF, and IL-1A levels compared to the RT-PCR-negative men. Whereas among women, only CRP level was higher 
than the RT-PCR negative women. Men were found at more risk of severe COVID-19 compared to women.35 The 
physiological factors, immune system, and sex hormones are the likely factors that could have contributed to these 
gender differences. Moreover, women’s immune system responds differently to a viral infection. They usually have 
a lesser viral load and inflammation than men. The X chromosome has several genes that regulate the immune cells.36

The present study has explored the early cytokine profile of individuals with COVID-19. The cytokine profile of 
people at the time of hospitalization does not distinguish the mild and severe cases, especially the pro-inflammatory 
cytokines. While the clinical and biochemical characteristics of RT-PCR-positive individuals exhibited typical COVID- 
19-induced changes, the pro-inflammatory cytokine profile was equally higher among the positive and negative groups. 
A similar observation was found when the mild and severe cases were compared. However, the CRP levels distinguished 
both RT-PCR positive from negative cases and severe from mild cases. CRP is usually secreted in response to cytokines 
that are released from macrophages and adipocytes. However, in our study population, the CRP levels were proportio-
nately higher than the inflammatory cytokine levels when compared among RT-PCR positive and negative, and mild and 
severe groups respectively. It seems the induction of CRP production had been higher among severe COVID-19 cases 
even though their inflammatory cytokines were comparable to the mild cases. There may be other factors involved in the 
immune response to the SARS-CoV-2 infection. Interestingly, the scatter plots revealed that people with longer duration 
of hospitalization had higher cytokine levels. However, the changes were smaller to produce a significant difference 
between the mild and severe groups. This may warrant a periodical assessment of cytokine levels to monitor the disease’s 
progress. On the other hand, people with RT-PCR-positive had a higher anti-inflammatory cytokine IL-10 compared to 
the negative group and those with severe COVID-19 had a higher anti-inflammatory cytokine IL-4 compared to mild 
cases.

Our study participants were in a very early stage of the disease and the samples were collected at the time of 
admission. Therefore, they were unlikely to have had any COVID-19 treatment at that time. Hence, it may be safely 
assumed that there was no influence of COVID-19 treatment on cytokine levels. The strength of this study is that we 
compared the cytokine profiles of people with COVID-19 to those who were negative for SAR-CoV-2 nucleic acid. At 
the same time, people in the negative group had several comorbidities, and probably had medical conditions that elevated 
the cytokine levels. Since the blood samples were collected at the time of hospitalization, our study provides insight into 
the early cytokine profile of people with COVID-19 who later progressed to mild or severe disease. We did not analyze 
the cytokine levels during the disease progression. Therefore, we do not know the prospective changes in the cytokines 
which would have played a role in the disease progression. We did not identify the prevalent SARS-CoV-2 strain among 
the study participants. There could have been differences in the clinical, and biochemical characteristics among patients 
infected with different strains.

Conclusion
The early cytokine profile of people with COVID-19 has been explored in the study. CRP and IL-10 levels were elevated 
in the RT-PCR positive group compared to the negative group. People with severe COVID-19 had higher CRP and 
VEGF levels and lower IL-4 levels compared to the mild cases. Men with COVID-19 had higher cytokine levels 
compared to those without COVID-19. Elevated IFN-γ and IL-10 levels were seen in mild COVID-19 cases and elevated 
levels of MCP-1 were seen in severe COVID-19 cases when categorized according to the length of stay in the hospital. 
Periodical assessment of cytokines may be needed to monitor the progression of the disease.
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