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 COVID-19 virus has become a global infectious disease. Cytokine storm 

syndrome is involved in the severity of the disease. It is therefore crucial 

to investigate biomarkers are involved in the severity of the virus. The 

aim of this study was to investigate some cytokine storm syndrome 

markers are elevated during COVID-19 invades. Blood samples were 

taken from forty COVID-19 patients (regardless of gender). COVID-19 

patients were confirmed by real time polymerase chain reaction (RT-

PCR) and enzyme-linked immunosorbent assay (ELIZA) IgM and IgG 

antibodies. Severe, non-severe COVID-19 patients were compared to each 

other aged (48-61 years). Cytokine storm syndrome parameters including 

Interleukin-6 (IL-6), C-reactive protein (CRP), D-dimer, ferritin, 

procalcitonin and lactate dehydrogenase (LDH) was investigated. Whole 

blood was taken to perform D-dimer, ferritin and Serum was made to 

perform inflammation markers including CRP, procalcitonin, IL-6 and 

LDH. IL-6, C-reactive protein (CRP), D-dimer, ferritin, procalcitonin and 

LDH were significantly higher in severe patients compared to non-severe 

COVID-19   patients. It can be concluded that IL-6, C-reactive protein 

(CRP), D-dimer, ferritin, procalcitonin and LDH as markers of cytokine 

storm syndrome are related to the severity of CVOID-19 patients. 

 

 

 

   

 

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

International License. 

 

 

1. INTRODUCTION 

At the end of 2019, at Wuhan city, unexplained pneumonia cases were investigated, then novel coronavirus 

was identified by the researchers and scientists in China it was called Severe Acute Respiratory Syndrome 

coronavirus 2 (SARS-CoV2) [1- 3]. In February 2019, World Health Organization changed the name of the 

new deadly virus, which was not recorded previously, from SARS-CoV-2 to coronavirus disease 2019 

(COVID-2019) [4], [5]. In March 2020 the virus was Identified as a pandemic disease due to the rapid 

spread in the world. COVID-19 patients have a significant clinical manifestation, including cough, head 

ache, fever, cough, shortness of breath, expectoration, muscle pain, fatigue, sore throat, chest pain, chills, 

diarrhea, nausea, vomiting, acute respiratory distress syndrome (ARDS), kidney problems, acute cardiac 

injury, secondary infection, multi organ dysfunction, sepsis and death [6], [7]. Cytokine storm syndrome 

biomarkers including IL-6, procalcitonin, CRP, LDH, D-dimer and ferritin are elevated during severe 

COVID-19 patients [8]. COVID-19 pneumonia patients, especially who are admitted to intensive care unit, 

have a significant increase of pro-inflammatory cytokines such as IL-6 may result in shock, multiple organ 
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failure and death.  The severity of COVID-19   patients is linked to the increase of cytokine storm syndrome 

[9]. IL-6 cytokine is a proinflammatory cytokine which is secreted due to the infection, the increase of the 

IL-6 production is correlated with the severity of the disease [10], [11]. Il-6 cytokine secretion is a key 

factor for the cytokine storm development which is contributed to the pulmonary disease due to neutrophil 

and macrophage filtration in a huge amount to the lung [10- 12]. 

 

Procalcitonin is 116 amino acid calcitonin precursor and it is secreted by thyroid parafollicular C cell [13]. 

 

Procalcitonin is a clinical infection biomarker which is increased due to the presence of infection resulting 

the production of IL-6 cytokine and the cytokine storm syndrome development [14- 16].  Procalcitonin is a 

sepsis marker which is elevated in severe COVID-19   patients [16]. Sepsis is a deadly consequence of 

COVID-19 patients due to dysregulated host response. It has been recorded that immune system of COVID-

19 patients diminished because of the virus targets T lymphocyte results lymphopenia [17]. Therefore, 

pathogens can invade the blood stream of COVID-19 patients easily such as bacteria virus, parasite, and 

fungi [18]. Sepsis leads to the death of eleven million people around the world because it leads to the 

imbalance between proinflammatory cytokines and anti-inflammatory cytokines [19]. The Pathogens are 

remained in the blood stream cause the overstimulation of proinflammatory cytokine resulting cytokine 

storm [19]. COVID-19 patients have a significant increase of Inflammation markers including CRP, 

erythrocyte sedimentation rate (ESR), ferritin [20]. Proinflammatory cytokine production such as IL-6 

travel to the liver resulting the release of acute phase protein including CRP. CRP level is an acute phase 

protein which is measured as an inflammatory and sepsis marker [21]. The increase of the CRP level in the 

circulation is linked to the IL-6 cytokine production. In addition, the IL-6 increase production are associated 

with the increase of inflammation markers such as ferritin level [21], [22]. Thromboembolic event, D-dimer 

and fibrin degradation products increased in COVID-19 patients. The virus enters endothelial cells through 

its receptor resulting prothrombotic effects and destruction of endothelial cells [23]. 

 

Lactate dehydrogenase (LDH) is an inflammatory, infection and sepsis marker. It is released during organs 

and cells damage including liver, striated muscles, heart, kidneys, lungs, brain, and red blood cells resulting 

the increase of LDH in the blood circulation [24]. Ferritin is a stored iron protein, it assists the indication 

iron deficiency anaemia, and it is increased in the circulation due to viral infection, in COVID-19 patients 

cytokine storm including pro-inflammatory markers, such IL-6, TNF-α, IL-1β, IL-12, cause the stimulation 

of liver cells, Kupffer cells, and macrophages to secrete ferritin [25], [26]. The differences between severe 

and non-severe COVID-19 patients regarding cytokine storm syndrome including the inflammatory 

markers, cytokine level measurement and sepsis markers was not completely investigated. Therefore, this 

study retrospectively investigated blood inflammation, sepsis, thrombosis and tissue damage markers 

among mild, severe patients, which may assist to detect severe or critical patients early to neutralise the key 

markers are involved in the cytokine storm syndrome and perform clinical treatment early. 

 

2. Materials and methods 

 

2.1 Ethical issue and experimental design: 

The entire proposed protocol and procedures in the current study were reviewed and approved by the 

medical laboratory science departments’ scientific committee and the director of the research centre at the 

University of Raparin in Rania city at Raparin district, Kurdistan Region, Iraq. The timeline of this research 

was from the 1sth of August 2021 to the 1st of October 2021.  This study was performed at one private-

sector clinical laboratory in Erbil city. Selection criteria were a confirmed positive COVID-19 infection by 

RT-PCR carried out at Erbil central laboratory where the whole cases seeking private medical intentions 
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after the confirmed diagnosis. In this regard, 40 patients of age (40-60) were entered for the current analysis 

regardless of sex. The severe or non-severe patients have been previously categorized by a medical doctor 

specialist. 

 

2.2 Laboratory analysis 

Serum was prepared from mild and severe COVID-19 patients to measure cytokine storm syndrome 

markers including D-dimer and CRP were measured by Cobas e411 biochemical analyzer (Roche 

Diagnostics, Switzerland), at the same time ferritin, IL-6, and procalcitonin analysis were performed by 

Cobas e411 analyser, LDH was performed by COBAS INTEGRA® 400 plus analyzer (Roche Diagnostics, 

Switzerland). 

 

2.3 Statistical analysis 

Gaussian distribution of measurements was assumed. Data were presented as means±SD and analysed by 

unpairedt-test using Prism Pad 9. AP-value<0.05 was deemed significant. 

 

3. Results 

In the present study, 40 patients were recruited after adjusting for age, weight, and presence of comorbidity. 

The mean age of the whole study participants was 50.25 years of age. In this study, there was a significant 

increase of cytokine storm syndrome parameters in severe COVID-19 patients compared to non-severe 

(mild) COVID-19 patients (IL-6, Procalcitonin, CRP, D-dimer, LDH, ferritin) (Table 1) (Figure 1). All 

these parameters increased with severity of the disease. IL-6 is a proinflammatory marker, which is 

correlated with sepsis and the disease severity (27). IL-6 level was higher in severe COVID-19 patients 

(21.64±10.61) compared to mild COVID-19 patients. The normal range for the IL-6 is up to 7 pg/ml and it 

is closed to the IL-6 of mild COVID-19 patients. Therefore, it is appeared that mild COVID-19 patients did 

not cause cytokine storm syndrome (Table 1, figure 1 A). 

 

Procalcitonin reached a very risk level in severe patients (2.742±1.249) compared to mild patients 

(0.0356±0.023), the normal range for the procalcitonin is below 0.05 ng/ml, therefore; it is noticed that the 

mild disease is close to the normal range, but the severe patients are adjusted to proceed sepsis condition 

which is more associated with the cytokine storm and the death. Procalcitonin which is a sepsis marker 

caused the imbalance of proinflammatory and anti-inflammatory cytokines (27, 28). Procalcitonin level 

above the 2ng/ml is considered as systematic infection and organ dysfunction (28). It is appeared that our 

result caused the development of the cytokine storm syndrome in severe COVID-19 patients but not in the 

mild COVID-19 patients (Table 1, figure 1 B). 

 

CRP level which is considered as an inflammatory and asepsis marker (29). It is acute phase protein which 

secreted in liver during infection (21, 22). Severe COVID-19 patients had higher CRP level (13.18±4.416) 

compared to mild patients (1.895±1.475), the normal range for the CRP is up to 0.05 mg/dL. It is concluded 

that the mild disease had the increase of the CRP, and it is showed the infection proceeded the immune 

response but in a control level compared to the severe COVID-19 patients (Table 1, figure 1 C). 

 

D-dimer level is linked to the amount of breakdown clots in the body and thrombosis (31). Severe COVID-

19 patients had higher D-dimer (2.925±1.888) compared to mild patients (0.707±1.329), the normal range 

for the D-dimer is up to 0.05 µg/mL. It is concluded that the mild disease had the tendency to be the 

increase of the D-dimer and the COVID-19 virus caused the blood clot in the severe COVID-19 patients but 

less in mild patients (Table 1, figure 1 D). 
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LDH level which is associated with tissue damage (24). LDH level in the severe COVID-19 patients had 

higher level (503.0±66.05) compared to mild patients (291.8±93.34), the normal range for the LDH is (60-

240 U/L). It is appeared that the mild disease had the tendency to be higher of the LDH and it is 

demonstrated that the COVID-19 virus started the tissue damage but very low when compared to the severe 

COVID-19 patients (Table 1, figure 1 E). 

 

Ferritin level, which is considered as an inflammatory, infection markers (25, 26). Severe COVID-19 

patients had higher ferritin level (941.1±262.9) compared to mild patients (356.4±112.1), the normal range 

for the ferritin is (13-150ng/dL). It is seemed that the mild disease had the increase of the ferritin level 

compared to the normal level; whereas, the mild COVID-19 patients had lower ferritin level compared to 

the severe COVID-19 patients (Table 1, figure 1 F). 

 

Table (1): Cytokine storm syndrome parameters of severe and non-severe COVID-19 patients. Results 

depicted as Mean ±SD, P values <0.05 considered significant(S), <0.01 highly significant (HS), <0.001 

very high significant (VHS), Non-significant (NS). 

Parameters Normal Range Severe patients 

(n=20) 

Non-severe (mild) 

patients (n=20) 

P value 

IL-6 (pg/ml) 0-7 pg/ml 21.64±10.61 3.046±1.158 <0.001 

Procalcitonin (ng/ml/) <0.05 ng/ml 2.742±1.249 0.0356±0.023 <0.001 

CRP (mg/dl) 0-0.05 mg/dL 13.18±4.416 1.895±1.475 <0.001 

D-dimer (µg/mL) 0- 0.05 µg/mL 2.925±1.888 0.707±1.329 <0.001 

LDH (U/L) 60-240 U/L 503.0±66.05 291.8±93.34 <0.05 

Ferritin (ng/mL) 13-150ng/dL 941.1±262.9 356.4±112.1 <0.001 
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Figure 1: Cytokine storm syndrome parameters of severe and mild COVID-19 patients. Results depicted as 

Mean ±SD, P values <0.05 considered significant(S), <0.01 highly significant (HS), <0.001 very high 

significant (VHS), Non-significant (NS). 

 

4. Discussion 

The COVID-19 virus has become a global disease in the world. It causes an adverse impact on human 

health resulting in the development of pneumonia, organ dysfunction, cytokine storm syndrome and death 

B C 

D E F 
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[9]. Fourteen patients confirmed COVID-19 virus with 50.25 years of mean age including 20 severe 

COVID-19 patients compared to 20 mild COVID-19 patients. Cytokine syndrome disease was investigated 

including IL-6, procalcitonin, CRP, D-dimer, LDH and Ferritin. The main purpose of this research was to 

investigate whether cytokine storm syndrome develops in the severe COVID-19 patients compared to mild 

COVID-19 patients or not, to know how the procalcitonin elevation resulted from sepsis are associated with 

the increase of IL-6 cytokine level following pneumonia. In the study, the levels of IL-6 among the severe, 

and mild groups of COVID-19 patients were investigated to investigate cytokine storm, there was a 

significant increase in the cytokine biomarker of severe COVID-19 patients was recorded compared to the 

mild COVID-19 patients. The finding can be useful to manage severe COVID-19 patients. Our result 

coincidence with who showed that IL-6 cytokine increased in severe covid- 19 patients. The increase of the 

IL-6 indicates cytokine storm syndrome due to COVID-19 infection which is stimulated innate and adaptive 

immunity. The IL-6 cytokine is released from the alveolar epithelial cells which is infected by COVID-19 

through the angiotensin-converting enzyme 2 (ACE2) receptor. IL-6 leads to attract large number of white 

blood cells to the lung resulting dyspnoea, pneumonia, and respiratory failure [32], [33]. In addition, in 

early stage of infection, the macrophages and immune cells release IL6 cytokine through Toll-like receptor 

binds the pathogen to recruit neutrophils, monocytes to the site of infection [32- 34]. 

 

To manage severe COVID-19 patients, PCT level was measured. The level of PCT were significantly 

higher in severe COVID-19 patients compared to the mild COVID-19 patients. Our result coincidence with 

[35] who demonstrated that PCT level was higher in severe COVID-19 patients. PCT indicates the presence 

of sepsis which is appeared due to the producing of the inflammatory cytokines including IL-6, TNF-α and 

super bacterial infection [34], [36]. To investigate the cytokine storm development, CRP was measured as 

an inflammatory and sepsis marker (30, 37). CRP level was significantly higher in severe COVID-19 

patients compared to the mild COVID-19 patients. Our study agreed with who revealed that CRP level was 

higher in severe COVID-19 patients compared to mild COVID-19 patients. CRP level elevation is 

correlated with the increase pro-inflammatory cytokines [37]. To investigate thromboembolic events and 

fibrin degradation, D-dimer was measured. The increase of D-dimer indicates thrombosis and fibrinolysis 

that are associated with severity COVID-19 patients [38]. LDH can be measured to monitor cytokine storm 

syndrome development, it indicates as acute and chronic tissue damage and marks as an inflammatory 

parameter which increased in COVID-19 patients [38]. This is a coincidence with our result which showed 

the LDH level was higher in severe COVID-19 patients compared to non-severe COVID-19 patients. 

 

Ferritin was measured to investigate the severity COVID-19 patients. Our study showed that ferritin level 

was higher in severe COVID-19 patients compared to non-severe COVID-19 patients. Ferritin level 

increase due to the secrete of pro inflammatory cytokines which led to the release of ferritin in liver cells, 

Kupffer cells and macrophages [25], [26]. Our study agreed with who showed the ferritin level increased in 

severe COVID-19 patients compared to mild COVID-19 patients [40]. 

 

5. Conclusion 

It was concluded that there is a potential for investigating IL-6, procalcitonin, CRP, LDH, D-dimer, ferritin 

levels as markers for severity of CVOID-19 patients. The development of cytokine storm syndrome can be 

concluded from this research, and it is associated with the severity of COVID-19 patients. Mild COVID-19 

patients can be managed to treat easily, but intensive care unit is required for the severe COVID-19 patients 

because of the sepsis, pneumonia, cytokine storm syndrome, organ dysfunction and death development. 

These markers elevation may can provide a guide for the management and treatment of patients with 

COVID-19. 
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However, the current study has some limitations that must be taken into consideration such as a low number 

of patients, not separation male and female patients, the absence of anti-inflammatory cytokine markers 

including interleukin-10. This study carried out in Erbil city-Kurdistan region government-Iraq may not be 

applicable for all ethnic groups and countries in the world. 
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