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Abstract. Cytokine storm has been reported in a number of patients with severe acute respiratory syndrome - corona
virus-2 (SARS-CoV-2) due to elevated level of pro-inflammatory cytokine such as interleukin-6 and interleukin-17. The
aim of this study was to evaluate the level of interleukin-6 and interleukin-17 among patients with coronavirus disease
2019 (COVID-19). This case control study included 78 confirmed cases with COVID-19 (58 males and 30 females; their
age ranged between 15- 83 years old) and compared with 10 apparently healthy individuals (8 males and 2 females), were
admitted to Epidemiological Monitoring Unit, Emergency Department in Baqubah Teaching Hospital during the period
from 1% of October to the 1% of December 2020. Nasopharyngeal swabs were collected from all patients who were
included in this study and directly placed in tube contain 2ml of viral transport medium then stored at -20 °C until the
time of RNA extraction and real time polymerase chain reaction processing as well as blood sample were collected from
patients then the sera were separated, labelled and sored until the time of test for quantitative detection of interleukin-6
and interleukin-17. There is significant difference in level of interleukin-6 and interleukin-17 between patients and
control using ELISA assay, 0.0398 and 0,0046 respectively, and the mean serum level of IL-6 were 136.25+12.55ug and
72.93+15.02g respectively and 1L-17 was 37.87+4.83ug and 13.48+2.23pg respectively. Most infections were noticed
among males and age group 15-35 years old.

Keywords. Coronavirus disease 2019, Interleukin-6 and interleukin-17, ELISA assay.

INTRODUCTION

Coronavirus disease 2019 (COVID-19) is an exceptionally contagious respiratory illness coming about because
of a dangerous novel coronavirus, sever acute respiratory syndrome - corona virus-2 (SARS-CoV-2). As of February
20, 2021, there have been 110,743,440 confirmed cases and 2,452,437 deaths by the SARS-CoV-2 disease
worldwide [1].

Sever acute respiratory syndrome - corona Virus-2 genome consists of 29 903 base pair (bp) single-stranded
positive sense RNA and containing several open reading frames (ORFs) coding various proteins [2]. It can be
transmitted thought respiratory droplets and direct contact; while the main transmission route of SARS-CoV-2 is
aerosols the virus was also found in stool of recover’s patient [3].

Sever acute respiratory syndrome - corona virus-2 infection is characterized by flu-like symptoms such as cough,
fever, weakness, and myalgia. Patients may experience diarrhea and nausea for a few days before developing a
fever, meaning that fever is the most frequent but not the most severe symptom of infection. A small percentage of
patients can experience headaches or hemoptysis [4]. The clinical signs show after 5 days and side effect beginning
is inside 11 days in 97.5% of patients [5].

Inflammatory cytokine storm is closely related to the development and progression of acute respiratory distress
syndrome (ARDS) during COVID-19 infection. The serum levels of cytokines are significantly increased in patients
with ARDS, and the degree of increase is positively correlated with mortality rate [6]. The IL-6 levels were higher in
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the patients with severe infection than those with moderate infection [7]. Several studies showed high level of pro-
inflammatory cytokine in patients with SARS COV-2 and these include IL-1, IL-2, IL-6, IL-8, IL-17, chemokines.
Interferon gamma may assume a critical part in the improvement of lung disfunction through prompting the
aggregation of immune cells inside the lungs [8,9]. The T helper-17 in lung produce IL-17 in response to viral
infection [10]. There is emerging evidence supporting the role of interleukin-17 in SARS-CoV-2 pathogenesis,
including a report on the first anatomopathologic lung analysis with a high number of T helper-17 lymphocytes in
the alveolar space [11]. Furthermore, IL-17 promotes viral survival by inhibiting apoptosis in concert with IL-6.
This study aims to evaluate the level of pro-inflammatory cytokines such as interleukin-6 and interleukin-17 among
patients with COVID-19.

MATERIALS AND METHODS
Study Design

A case- control study, 78 confirmed cases with COVID-19 (58 males and 30 females; their age ranged between
15-83 years old) and compared with 10 apparently healthy individuals (8 males and 2 females) involved in this
study, were admitted to Epidemiological monitoring unit, Emergency Department in Baqubah Teaching Hospital
during period from 1% of October to the 1% of December 2020. The diagnosis of each case was established using
clinical diagnosis and laboratory diagnosis using real time polymerase chain reaction, as well as case history was
taken from all study population.

Sample Collection

Nasopharyngeal swabs were collected from all patients included in this study and directly placed in tube contain
2ml of viral transport medium (V.T.M) then stored at -20 °C until the time of RNA extraction (Cat. No.H 200201
Zybio Inc- Germany) and real time polymerase chain reaction Go Script® (Cat. No. A5003 promega, USA)
processing. Blood samples (5 ml) were obtained from patients and placed in serum separator tube (SST) with
specific gel to easy sorting the serum. Then labeled and was left for 20 minutes at room temperature. After
coagulation, sera were separated by centrifuge 4000xg for 15 minutes and directly stored at -20 °C to be analyzed
later to quantitative detection of IL-6 using (Cat No: abx152020, Abbexa Ltd, Cambridge, UK) and IL-17 (Cat No:
abx152020, Abbexa Ltd, Cambridge, UK).

Statistical Analysis

Data analyzed using Statistical Analysis System- SAS (2012) program [10].

RESULTS

Based on results of ELISA assay, the mean serum level of IL-6 in COVID-19 patient and control were
136.25+12.55ug and 72.93+15.02ug respectively and statistically significant (P= 0.0398), while the level of IL-17
was 37.87+4.83ug and 13.48+2.23ug respectively and statistical analysis showed a significant difference (Table 1).

TABLE 1. Serum Level of IL-6 and IL-17 in Study Population.

Serum Level of IL-6 and IL-17(ug)

Study Population  No. (%)

IL-6 IL-17
Patients 78(100%)  136.25 +12.55 37.87 +4.83
Control group  10(100%) 72.93 £15.02 13.48 +2.23
T-test 60.792 17.015
P value 0.0398 0.046

The most noteworthy of patients was inside the age group 15-35 year (43.6%) followed by those within the age
group 36-50 year (29.50 %) and the least rate was within the age group71-90 year (6.40%) while in control group:
half of them (50%) was from the age group 71-90 year, the statistical analysis revealed highly significant differences
(p=0.0001). About 64.10% of patients were males and 35.90% were females, while 70% of control group were
males and 30% were females and statistically highly significant (0.0001) as shown in Table 2.

030008-2



TABLE 2. Age and Sex Distribution in Study Population.

Patients Control group T-test
No. (%) No. (%) (P value)
15-35  34(43.60 %) 2(20%)
Age 36-50  23(29.50 %) 2(20%)
(year) 51-70  16(20.50%) 1(10%)
71-90 5 (6.40%) 5(50%)
Males  50(64.10%) 7(70%) 0.0001 **

Variables factor

0.0001 **

Sex
females  28(35.90%) 3(30%) 0.0085 **
Total 78 (100%) 10(100%)  -----------

DISCUSSION

The current study demonstrated that the level of IL-6 was higher in patients than that in control group (136.25
+12.55 and 72.93 £15.02 respectively), the difference was statistically significant (p= 0.0398) also the level of IL-17
was higher in patients than that in control group (37.87 +4.83 and 13.48 *2.23respectively) the difference was
statistically significant(p=0.046). This result in agreement with several report found increase in level of IL-6 among
SARS-COV-2 patient in Wuhan- China [12,13]. So, the level of IL-6 elevates in severe cases but not all patient in
different clinical pictures [14-18]. Another finding from Hirano and Murakami (2020) reported that cytokine storm
in SARS-COV-2 patients mainly characterize by increased level of IL-6 and TNF-a [19]. Interlukin-6 was
significantly high in 11 studies involved measuring the level of IL-6 in serum of patents with SARS-COV-2 [20].
Increase level of IL-6 in large number of cases was noticed during SARS-CoV-1 [21-24]. Also, the same finding
was observed among Middle East Respiratory Syndrome- corovirus (MERS-CoV) patients in Korea, the level of IL-
6 increased in the serum of patients in the second week [25].

On other hand IL-6 is the key mediator in toxicity of cytokine release syndrome CRS and increase its level
had significantly correlated with severity outcome of the disease [26]. Two studies report there is a strong
correlation between the high level of IL-6 and occurrence of respiratory failure in SARS-COV-2 patients [27,28].
Interleukin-6, interferon and lymphopenia is associated with early immune response [29,30]. This also may due to
IL-6 is a key cytokine release of innate immunity as its release by the cells of innate immunity as defenses
mechanism against viral infection.

The level of IL-17 was significantly higher in patients than that in control group, this result agreed with
several studies. [31], reported high level of IL-17 among 140 SARS-COV-2 patients in Wuhan-China, [32],
demonstrated that peripheral blood of a SARS-COV-2 patient had a significantly high number of CCR6p Th17 cells
further suggesting a Th17 type cytokine storm in this disease. Interleukin-17 levels were higher in intensive-care
COVID-19 patients compared to mild SARS-COV-2 and control group [16]. It has been hypothesized that blocking
IL-17 could increase SARS-COV-2's aberrant immune response and ARDS-related mortality [33].Interleukin-17
functions are critical in a variety of viral infection environments, with targeting it as an effective alternative
treatment. In some cases, viral infections are suppressed while tissue pathology is minimized diseases that affect
humans [34]. Many studies reported there is positive correlation between high level IL-17 and pro-inflammatory
cytokines [35-38]. During cytokine storm several types of cytokines are release including TNFa, IL-1pB, IL-2, IL-6,
IFN a, IFN B, IFN v, IL-7 and MCP-1. These cytokines cause immune cells to produce a large number of free
radicals, which are the primary cause of ARDS and multiple organ failure [39].Increase level of cytokine may be a
predictor factor for development of severe form due to harmful effect of these cytokine on body cell and excessive
production lead to dead large number of cells in multiple organs and poor outcome of cases.

According to result of this study, the rate of infection was higher in males than that in females (64.1% and 35.9
respectively) with significant differences. The result of this study is comparable with result of several studies from
them two studies in Saudi Arabia, first one found that among 1519 confirmed SARS COV-2 the rate of infection in
male was 54.4% [40]. The second report confirmed that 80% of cases were males [41]. The third one found that
66% of patients with SARS-CoV-2 infection were males [42]. On other hand, several studies in different period of
epidemic and various countries reported that females had significantly high rate of infection with SARS COV-2 than
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males, other study done in KSA found among total confirmed cases the infection rate in female was51.1% [43],
while other was found that female (57.6%) have high rate of infection than males study in UK [44], and this result is
disagreed with the result of current study, There is a number of study demonstrate that there no difference or very
small difference in range of getting SARS COV-2 infection between males and females from these Iranian
researchers recorded that among confirmed cases there is no significant difference in SARS COV-2 infection
between male and female [44,45].

Data obtained from this study demonstrated that the highest rate was from young age group 15-35 years old as
their percentage 43.60% and the lowest rate of patients was those with age above >70 years and the result was
statistically significant. This result comparable with the result of study reported that the age of most patients was
between 29-50 years old, from them those aged 30-39 year being the most infected range in Iraq [46,47]. Younger
adults, particularly those younger than 35 years are often have high frequency of infection [48]. In contrast, these
results unlike with result of study showed that older individuals were more exposed to the thrilling types of this
disease [49]. Large study consist of 4880 confirmed cases SARS COV-2 infection using real time PCR in China,
the authors were divided the patients into six age group and the result was most infection within age group as
following: 482 (18-29 year), 1097 (30-39 year), 841 (40-49 year), 1011 (50-59 years), 886 (60-69 years), 563( > 70
years) [50].

CONCLUSION

The level of pro-inflammatory cytokine (IL-6 and IL-17) was higher in the patients than that in the control group.
The rate of infection was higher among males than that in females and within the age group 15-35 year.
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