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Abstract

Introduction. Immune system dysregulation is characteristic of the severe stages of
COVID-19 patients.

Purpose. To highlight the defective immune regulation of COVID-19 patients without
chronic diseases.

Materials and methods. The study included 180 individuals, 60 as a control group, and
120 patients with COVID-19, including 67 males and 53 females, whose ages ranged from
27 to 70 years, at Imam Al-Hussein Teaching Hospital in Thi-Qar Province, South of Iraq.
The proinflammatory and anti-inflammatory cytokines were evaluated by enzyme-linked
immunosorbent assay (ELISA).

Results. The current study recorded that IL-6 and IL-17 were significantly increased <0.001
in patients compared to controls, while IL-4 and IL-13 decreased significantly <0.001 in
patients compared to controls. Within the severity of disease, both IL-6 and IL-13 increased
significantly in severe patients, while IL-4 and IL-17 did not show a significant difference.
With regard to BM|I, IL-4 increased significantly in normal-weight patients, while IL-6 and
IL-17 increased in obese patients. Also, the IL-13 had no significant difference. The ROC
test gave reliable predictive values for interleukin-6 and interleukin-17 in determining
disease progression.

Conclusion. Increased IL-6 was related to both hyperglycemia and insulin resistance,
making it usefulin predicting the progression of GDM.Where's an increase in interleukin-17
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is associated with an increase in the production of IL-6, IL-1, and TNF and thus inhibits
apoptosis, while IL-4 and IL-13 are mostly associated with fibrotic remodeling.
Keywords: immunopathy, COVID-19, IL-4, IL-6, IL-13, IL-17

Xenpep ®agunb Oka6'P<], MaHanb bagu Canux?3, bBaccum A6aynxyccenH Oxapynna?
! YnpaBneHue 3gpaBooxpaHeHna Tu-Kapa, Hacupus, Tu-Kap, Upak

2 YuusepcuteT Tu-Kapa, Hacnpusa, Tu-Kap, Vpak

3 YHusepcuteT Watpsl, Watpa, Tu-Kap, Upak

NmmyHonatna y nauyneHtos ¢ COVID-19,

He NMEeLLNX XPOHNYECKNX 3aboneBaHnin: YypOBEHb
NPOBOCMNANUTENbHbIX N NPOTVMBOBOCMANUTESbHbIX
LUTOKWUHOB B 3aBUCMMOCTU OT CTEMNEHU TAXKEeCTU
TeYeHNA KOPOHABMNPYCHOM MHEKLNM

KoHGNMKT nHTepecoB: He 3anAB/eH.

Bknap aBTopoB: Xeiigep ®agunb Okab — KOHUENuuUa 1CccnefoBaHus, METoaonorvs, GopmarnbHbIi aHanus, NpoBegdeHve Uc-
cnefjoBaHuA, noabop mateprana, o6paboTka fAaHHbIX, HaNMcaHWe TeKCTa, NporpamMmmHoe obecneyenvie; MaHanb bagu Canux —
PYKOBOACTBO, KOHLIeNLMA NccneaoBaHua, opMabHbIl aHanms, NpoBeAeHne NCCefoBaHsA, HanncaHne TekcTa (YepHOBON Ba-
puaHT); baccum AbpynxycceinH [ixxapynna — MeTofonorus, noa6bop matepmana, 06paboTka faHHbIX, HaNMcaHne TeKCTa.
STnveckoe 3aABneHMe. [lnccepTaUMOHHbBIN NPOEKT yTBEPXAEH peLleHneM nccnejoBaTeNbCkoro KomuteTa YnpaeneHus 3apa-
BoOXpaHeHua Tn-Kapa (npotokon N2 208/2022 ot 15.08.2022) 1 pacnopsxeHriem o6 oka3aHUM COAENCTBYSA, BblAAHHbIM YNpaB-
neHveMm 3apaBooxpaHeHmnsa Tu-Kapa, [lenaptameHToM 0b6yyeHus v pa3BuTtua (NpoTtokon N2 617 ot 17.08.2022), NpUnoXXeHHbIMU K
[OKyMeHTY YHusepcuteTa Tu-Kapa / HayuHoro konnepsa (npotokon N 3/11/982 o1 17.07.2022), Ha OCHOBaHMUK KOTOPOro Corna-
cve naumeHTa NoATBEPXAaeTcA B YCTHON GpopMe Npu NoceLeHnn MeNLIMHCKIX yUPeXAeHUIA, NpeAHa3HauYeHHbIX ANA NeyeHns
nauvenTos ¢ COVID-19.

[ocTynHOCTb AaHHbIX. Bce AaHHble, NONyYeHHble B XOAe 3TOr0 UCCNeJOBaHNA, OTPaXeHbl B TEKCTE; OPUrMHasbHbIE AaHHble
[OCTYMHbI MO 3anpocy.

BnaropapHocTu. ABTopbl 6narogapat nauuneHtos ¢ COVID-19 3a To, UTO OHK NO3BONUAM COBGPaTb 06PasLibl, HECMOTPA Ha UX
60ne3Hb, a TaKkke nepcoHan nabopatopun YuebHOro MeanUMHCKOTO LieHTpa MiMama XyceiHa 3a oKasaHue nomMoLyn B Neprios
c6opa o6pasLoB.

CraTbsi ony6/IMKOBaHa B aBTOPCKOV PeAaKLmu.

MopaHa: 25.08.2023

MNpuHaTa: 12.02.2024
KoHtakTbl: medicalresearch79@yahoo.com

Pesiome

BBegeHwme. HapyLieHve COCTOAHUA MMMYHHOWN CUCTEMbI, XapaKTepHoe AnA NaumneHToB C
TAXenbiM TeyeHnem COVID-19, cBA3aHO C U3MEHEHMAMN B CUCTEME MEXaHN3MOB rymo-
panbHOW perynaumm UMMyHHOrO CTaTyca.

Lienb. Boigenutb gedeKTHyo MMMYHHYIO perynsauuio y naumeHToB ¢ COVID-19 6e3 xpoHu-
yeckunx 3aboneBaHuin.

Marepuanbl n mertogbl. B unccnegoBaHun npuHAanu yyactne 180 umcnbiTyembix;
60 yyaCTHUKOB KOHTponbHOM rpynnbl 1 120 naumeHToB ¢ COVID-19, BKkAtoyada 67 My uuH
1 53 KeHLWMHbI, BO3PACT KOTOPbIX BapbupoBasncsa ot 27 go 70 neTt, n3 YUe6Horo megmLmH-
ckoro ueHTpa Mimama Anb-XycernHa B npoBuHUmK Tn-Kap (KOxHbin Upak). CogeprkaHune
NPOBOCNANUTENbHbIX M MPOTUBOBOCMANIUTENbHBIX LUTOKUHOB OMNpeaensanu C UCnonb3o-
BaHMEM NMMyHodepMeHTHOro aHanmsa (MOA).
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PesynbraTbl. B X0fe HacToALlero nuccnegoBaHus 66110 3aperMcTprpoBaHo 3HauYMMoe no-
BblLLEHWE YPOBHA NPOBOCNANNTENbHbIX ULUTOKMHOB IL-6 1 IL-17 (p<0,001) y naymeHTOB No
CpaBHEHNIO C ML AaMUN KOHTPOJBbHOW FPYMbl, @ TakXKe 3HauMMOoe CHUXeHWe cofepKaHuns
NPOTUBOBOCMANUTENbHbIX LUTOKMHOB IL-4 n IL-13 (p<0,001) no cpaBHEHMIO C NNLLAMU KOH-
TponbHOM rpynnbl. OTHOCKTENIbHO 3aBUCMMOCTU MeXIY CTeMNeHblo TAXeCTn 3aboneBaHunA
1 YPOBHEM LIUTOKNHOB, TO Y MaLMEHTOB C TAXeNbIM TeueHeM 3aboneBaHusA Habnoganocb
3HayMMoe MnoBbllleHne ypoBHsA IL-6 1 IL-13, B To Bpema Kak B oTHoweHuu IL-4 n IL-17 cy-
LLECTBEHHBIX Pa3NMunin He Habnoganocb. YTo KacaeTcsa BANAHMA MHAEKCA MacChl Tena Ha
YPOBEHb LIMTOKWUHOB, TO Y NaLMeHTOB C HOPMaJibHO Maccol Tena Obino OTMeUYeHO 3Hauu-
Moe noBbllweHne ypoBHs IL-4, a y nauneHToB ¢ oxunpeHvem — IL-6 n IL-17. Ctatuctnueckn
LOCTOBEPHbIX pa3finunii B nokasatensx IL-13 He Habntoganock. C nomowybio ROC-aHanusa
6b1M nonyyeHbl foctoBepHble AN IL-6 n IL-17 Kputepunmn oLeHKM NporpeccnpoBaHus 3a-
6oneBaHus.

3aknioueHue. lNosbiweHne ypoBHA IL-6 accoLmMmpoBaHO Kak C runepriavkemment, Tak u ¢
WHCYNNHOPE3NCTEHTHOCTbIO, UTO AeNlaeT faHHbI TeCT MPUroAHbIM AR NCNONb30BaHUA B
NPOrHO3MPOBaHNK NPOrPeCccUpPOBaHNA FrecTaUOHHOro caxapHoro aunabeta (GDM). MNo-
BblleHWe YpoBHsA IL-17 conpoBoxaaetca ysenvyeHnem npogykuum IL-6, IL-1 n daktopa
HeKkpo3a onyxonen (TNF) n, cootBeTCTBEHHO, NOAABNEHEM anonTo3a; CABUIM B COAepXKa-
HUK IL-4 1 IL-13 B OCHOBHOM acCOLMUPOBANUCH C pa3BuTMem pubposa.

KnioueBble cnoBa: nmmyHonatusa, COVID-19, IL-4, IL-6, IL-13, IL-17

B INTRODUCTION

Following Severe Acute Respiratory Syndrome Coronavirus (SARS-CoV) emergence
in 2002 to 2003 that infected 8,000 people, with a fatality rate ~10%, and Middle East
Respiratory Syndrome Coronavirus (MERS-CoV) in 2012 that infected more than 1,700
people, with a fatality rate ~36%, a new pathogenic human coronavirus (HCoV) emerged
in 2019 that soon spread worldwide, resulting the COVID-19 pandemic named by ICTV
on 11th of February 2020, unlike SARS and MERS, the outbreak has spread aggressively
in almost all regions, resulting in a global health care crisis, and is considered the seventh
virus of the family that can cause serious illness in humans [1-3]. Although the fact that
the pathophysiology of human COVID-19, SARS-CoV-2, and MERS is not fully understood,
they are all related to an imbalanced and exaggerated immune response, particularly in
the generation of cytokines. SARS-CoV-2 caused a deficiency in both adaptive and innate
immune responses, which was the primary pathophysiology of COVID-19. Multiorgan
failure results from this dysregulation or uncontrolled adaptive and/or innate immune
response, resulting in delayed viral clearance, inflammation, and tissue damage that’s not
only restricted to the lung but also systemically in additional organs [4]. Lymphopenia
is one of the hallmarks of COVID-19, a condition in which there are fewer than normal
numbers of lymphocytes such as B cells, T cells, and innate lymphocytes [5]. On the
other hand, myeloid cells undergo increased aberrant activation and recruitment in
COVID-19, which may contribute to immune pathology [6]. Moreover, increased serum
inflammatory cytokines are one of the most important characteristics of patients with
severe COVID-19 and are significantly associated with acute lung injury in COVID-19 [7].
Moreover, inflammatory cytokines and chemokines are significantly more expressed
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in bronchoalveolar lavage fluid [BAL] than in blood in patients with severe COVID-19,
suggesting continued vulnerability to viral stimulation in the lung microenvironment
leading to a locally increased inflammatory state [8]. One of the most important of these
are the cytokines IL-6, IL-8, IL-1, IL-17, and chemokines.

Cytokines are glycoproteins that are membrane-bound or screened and have the
charge of regulating a wide range of biological processes, including the balance between
theimmune system’s innate and adaptive responses, which play a key role in the controller
of infections or chronic diseases. In order to prevent and treat coronavirus infections,
it is believed that the cytokines are essential during COVID-19 infection. However,
uncontrolled and excess cytokine production may lead to tissue damage throughout the
entire human body, which may result in immunopathogenesis. The majority of COVID-19
infected individuals may experience mild to moderate symptoms; however, certain
individuals may experience cytokine release syndrome [CRS], a hyper-inflammation
brought on by large cytokine/chemokine production that can result in deadly pneumonia
and acute respiratory distress syndrome [9, 10]. The respiratory mucosa is first invaded by
viruses, which then spread to other cells, causing a series of immune reactions and the
development of a systemic CRS. CRS is characterized by the release of pro-inflammatory
cytokines such as IL-6, IL-1, IL-17, TNF, and others at higher levels than normal, typically
resulting in a systemic inflammation with high inflammation parameters and multiple
organ failure [11].

The severity of COVID-19 was positively correlated with greater serum IL-6
concentrations in various trials [10]. A study of Xiong et al. [12], showed that in two out of
three COVID-19 patients, the serum levels of IL-6 was elevated. However, peripheral blood
mononuclear cell specimens (PBMC) from COVID-19 patients showed no appreciable
change in the transcription levels of IL-6, suggesting that the production IL-6 protein in
serum might originate from lung epithelial cells. Statistical analysis showed a negative
correlation between T cells number and the serum concentration of IL-6 [13]. Clinical trials
targeting antibodies that block the IL-6 receptor as a potential treatment for COVID-19
are presently underway in light of this rise in IL-6 [14]. In response to viruses, TH17 cells
in the lung release IL-17, which causes the production of multiple chemokines and the
recruitment of immune cells to the site of inflammation [15]. Combining IL-17 and TNF
causes pro-coagulation factors to be expressed, which encourages thrombosis and blocks
the endothelium anticoagulatory pathway. In addition to the local effects of IL-17, these
effects also contribute to the increase in cardiovascular risk associated with inflammatory
disease [10]. In addition to CRS mediation, IL-17 exhibits enhanced viral multiplication
and promotes viral persistence by suppressing the apoptotic process in infected cells in
conjunction with IL-6 [16].

The two main cytokines in type 2 immune responses, L-4 and IL-13, are comparable
in both structure and function. T-helper type 2 [Th2] cells and some innate immune cells,
such as basophils, mast cells, eosinophils, and macrophages, are the main producers
of both cytokine [17]. On the other hand, fibrosis and Th2 immune responses are
tightly related. Although IL-13 and IL-4 have been widely researched for their effects
on fibrosis development, their function in WAT fibrosis has not yet been understood
[18]. The development and progression of ARDS appear to be closely correlated with
the inflammatory cytokine storm observed in COVID-19 patients. COVID-19 would
significantly increase the release of cytokines due to macrophage activation and a delay
in the recruitment of TCD8+ cells, leading to an insufficient T1 response [19].
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Therefore, the presents designated to study the relation between pro-inflammatory
and anti-inflammatory cytokines and their relation with severity of disease.

B PURPOSE OF THE STUDY
To highlight the defective immune regulation of COVID-19 patients without chronic
diseases.

B MATERIALS AND METHODS

Sample Collection

A total of 180 blood samples were collected for this investigation by using disposable
syringes, arterial blood samples were taken from COVID-19 patients while control group
venous samples were drawn as follows. About five ml were collected from each sample
and placed in a gel tube and left at room temperature for about 30 minutes. The gel tubes
containing samples were centrifuge at 4000 RPM for 5 minutes and the serum sample was
divided into three replicates in Eppendorf tubes, each part contains approximately 500 pl
and stored in a deep freeze at-20 C°.The serum samples were used for evaluation cytokines
(IL-4, IL-6, IL-13, and IL-17) by Enzyme-Linked-Immuno-Sorbent-Assay Technique (ELISA).

Inclusion and Exclusion Criteria

The current study included patients with COVID-19 hospitalized in Thi-Qar Health
Directorate of both sexes up to the age of 70 years, with the exception of patients with
chronic diseases and pregnant women, as well as those over 70 years old.

Statistical Analysis

The data of this study were statistically analysis by using the statistical package for
social sciences version 26 SPSS, based on the use of an independent sample t-test to
compare rates between patients and the control group, and ANOVA was used for mean
comparison according to disease severity and body mass index. Also, person correlation
was used to determine the relationship between cytokines, as well as the ROC test to
provide predictive values for the level of cytokines according to body mass and disease
severity.

B RESULTS

Level of Cytokines in COVID-19 Patients and Control Group

The present study noted a high significant increase of level IL-6 and IL17 in COVID-19
patients than control group, in contrast the level of IL-4 and IL-13 were decreased

Table 1
Cytokines level in COVID-19 patients and control group
Patients No. 120 Control No. 60
p. value
Mean+SD
IL-4, ng/I 9.92+3.65 11.7+£3.29 <0.01**
IL-6, ng/I 75.3x254 29.3+£7.90 <0.01**
IL-13, ng/I 16.2+71.7 32.7£10.9 <0.01**
IL-17, ng/I 23.243.76 15.1+4.66 <0.01**
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significantly in COVID-19 patients than control group at p. value <0.05 as show in the
Table 1.

Level of Cytokines in COVID-19 Patients According to Severity of Disease

The level of IL-4 was non-significantly increased in both sever and critical COVID-19
patients, also, the IL-17 was non-significantly increased both moderate and critical
COVID-19 patients in the other hand the level of IL-6 was increase significant in sever
COVID-19 patients than other severity categories, IL-13 increased significantly in sever
COVID-19 patients, while decreased in critical patients at p. value <0.05 as Table 2.

Table 2
Cytokines level in COVID-19 patients according to severity of disease
IL-4 lIL-6 lIL-13 IL-17
MeanxSD
Moderate No. 50 9.25+3.08 72.7+24.6° 16.4+5.20° 23.5+3.83
Sever No. 31 10.6+3.27 86.8+28.1° 19.9+5.37° 21.9+3.50
Critical No.39 10.6+3.62 71.7+£22.9° 13.3+3.89° 23.5+3.72
0.021"2 0.004"2
P alue otos 08512 000> i
0.026*3 <0.001>3

Level of Cytokines in COVID-19 Patients According to BMI

The level of IL-4 was significantly increased in normal weight of COVID-19 patients,
while decreased significantly in overweight patients, the IL-6 was significantly increased
in both overweight and obesity patients than normal weight, the IL-17 was increased
significantly with increasing BMI, in the other hand the level of IL-13 was non-significant
increase in overweight patients at p. value <0.05 as Table 3.

Table 3
Cytokines level in COVID-19 patients according to BMI
IL-4 lIL-6 IL-13 IL-17
MeanzSD
mg”;‘(f' Weight 13.52.17° 66.0+£22.0° 15.0+4.98 21.742.88°
Overweight No.31 | 6.42+1.62¢ 81.9422.8° 17.345.77 23.943.52°
Obesity No.39 8.14+1.91° 81.9+28.0° 16.945.31 24,514,342
<0.01"2 0.005"2 o1 0.008"2
P.value <0.01"3 0.003'3 Non-Si <0.001"3
<0.0123 0.99723 9 0.008%>

Association between Cytokines in COVID-19 Patients

The IL-4 sored negative weak relationship with both IL-6 and IL-17, and very weak
positive with IL-13, the IL-6 scored weak positive relationship with IL-13, IL-13 scored weak
relationship with IL-17, as in Table 4.

Predictive value of Cytokines in COVID-19 Patients according to Disease Severity
and BMI

The IL-6, IL-13 and IL-17 were scored a significant positive value for diagnosis the
severity according to BMI, while depending on the severity of the disease, the values of
IL-6 and IL-17 can be relied upon to predict the severity of disease as in Figure.
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Table 4
Person correlation between cytokines
Person Correlation IL-6 IL-13 IL-17
L4 r -0.326** 0.195* -0.353**
p. value 0.000 0.033 0.000
L6 r 0.255** 0.081
p. value 0.005 0.380
r -0.212*
IL-13
p. value 0.020
Predictive values of cytoki ding to di severity Predictive values of cytokines according to BMI
ROC Curve
Source of the b =[] Source of the
Curve | Curve
L4 [ L4
L6 08 | -6
—n13 In L13
—LAT 17
Refarence Line J—'— e Reference Ling
z z os—F—H
3 E |
E []
o I'E A '
o -
(1] 02 a4 1] oA 10
1 - Specificity 1 - Specificity
Cytokines AUC by BMI AUC by Severity
IL-4 0.242 0.550
IL-6 0.820 0.463
IL-13 0.738 0.275
IL-17 0.623 0.536

Figure. ROC Predictive value of cytokines according to severity of disease and BMI

B DISCUSSION

The present study recorded the level of IL-4 decrease significantly in patients than

control group, IL-4 not effected by disease severity, while according to BMI showed
increase significantly in normal weight patients, furthermore noted the IL-4 has a negative
correlation with IL-6, IL-17, while positive with IL-13 and IL-10.

IL-4 is a key interleukin in the Th2 immune response, and plays an important role
as effector and inducer in the Th2 immunity. IL-4 and IL-13 are mostly related with
inflammatory-fibrotic remodeling, in contras the Th1 cells exhibit anti-fibrotic activity
by producing IFN-y and IL-2 [20]. The Yuan et al. [21], results with same line with current
result was showed a non-significant difference between regular group and both sever
and critical groups. Also, the study of [22] Chang et al., showed the Level of IL-4 not
effected by severity of disease, while elevated in patients in progress stage of disease
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than control. In addition, the Queiroz et al., 2022, showed the IL-4 increased in mild and
moderate patients than sever patient. On other hand this current study was opposed with
study of Lu et al. [23], in China recorded the level was higher in patients than control,
also this study with line of this study with regard correlation between IL-4 and IL-6.
The reason for the difference between the two results may be due to the fact that the
interleukin level is low at the beginning of infection within the first week of infection,
but after two weeks of infection it rises by a large percentage to induce programmed cell
death. It was also noted that intensive care patients have a high concentration compared
to non-ICU patients. Also, the study of Motta Junior et al. [24], demonstrated the mast
cells expressed high concentration of IL-4 in postmortem and alveolar septal-biopsies in
patients with COVID-19. It is proposed that its high presence is strongly complicated in
the pathophysiology of COVID-19 disease [25]. The high level of interleukin-4 in COVID-19
patients in the previous study compared to a decrease in the current study may be due
to the time of sampling, as its decrease was observed at the beginning of the disease and
its rise as the disease progressed, and the strength and period of mechanical ventilation
and immobility for a long time cannot be ruled out and its effect on the immune level.
The study of Luo et al.[26], they reached the same conclusions as the current study,
where they found that there is no relationship between the level of interleukin-4 with the
severity of the disease. The patients with COVID-19 have numerous clinical independent
characteristics of circulating levels of inflammatory cytokines in peripheral blood including
IL-2, IL-4, CRP, TNF-a and FN-y [27]. Both Grifoni et al. [28] and Braun et al. [29], identified
COVID-19 specific CD4+ memory T cells may reach 100% while CD8 + T cells reach about
70% of patients who recover from disease. Although acute disease is characterized by
an elevated viral titer and dysregulated of prolonged innate inflammatory cytokine and
lymphocyte chemokine responses, antibody-based therapies for dominant CD4+ TH2
cytokines such as IL-4, IL-5, and IL-13 do not appear to contribute to severity of COVID-19.

The patients had high IL-6 level than control, within patients’ severity of disease
increase in sever than moderate and critical, and scored high level in overweight and
obesity patients than normal wight, in addition the IL-6 has negative correlation with IL-4,
and positive with IL-13. In this study, evidence was providing that inflammation reflected
by cytokine (IL-6 and IL-17) in patients who have exacerbated the disease due to the high
concentrations of cytokines induced by the disease, the treatment for reduce lung damage
associated with inflammation is critical. Importantly, our analysis of the predictive values
of cytokines and other immunological markers is a proof of concept that these markers
should be assessed preferentially for early diagnosis of patients, especially in patients with
more severe disease, and to reduce the burden of care centers and hospitals.

Study of Han et al. [30], showed the IL-6 serum level was increased in COVID-19
patients than control, but disagree with regard severity was noted increased in critical
than sever and moderate patients. Also, Lu et al. [23], showed the IL-6 considered the
most accurate interleukin in expressing the severity and progression of the disease, was
increased significantly in all patients. The Lau study was designed to study the immune
response within 28 days of infection for the purpose of morbidity and mortality, while in
the current study the samples collected during first week of infection. L-6 has a critical role
in inducing the immune response during the acute illness phase, resulting in a variety of
local and systemic alterations, including the activation and recruitment of leukocytes, an
increase in body temperature, and hemodynamic consequences [31].
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For reasons that are not clear, some individuals, particularly the elderly and diseased,
may had an irregular immune system that fails to save the response to pathogens in
check. This can cause an uncontrolled immune response, resulting in a high-production
of immune cells and their signaling molecules, this can cause a cytokine storm often
associated with a recruitment the immune cells to the lungs. SARS-CoV-1, and SARS-
CoV-2 induce excessive, abnormal, and ineffective host immune responses associated
with severe lung disease, leading to death [32]. Such as patients infected with SARS-CoV
and MERS-CoV, some patients with COVID-19 progress to acute respiratory distress with
characteristic vitreous and pulmonary changes on imaging. In greatest dying patients, the
infection is also related with a cytokine-storm, which is characterized by highest level of
variety of cytokines [33].

The current study agreed with the study of Lazar et al. [34] and Hashizume [35] where
it was observed that obese COVID-19 patients had an elevated level of IL-6 compared
to other patients and the control group, and their disease severity was higher than their
peers. Adipose tissue facilitates macrophage infiltration and secretion of leptin as well
as other inflammatory adipokines, including IL-6 and TNF-a [36]. The hyperglycemia and
insulin resistance are associated with elevated IL-6 and CRP, IL-6 has been proposed as
a marker capable of predicting the development of DM2. IL-6 is an important molecule
produced from adipocyte and associated with obesity related cytokines Fedullo et al. [37].
It is known that 30% of the level of IL-6 in the body is secreted from adipocyte, and this
explains that obese people mainly have high levels of C-reactive protein and a naturally
high body temperature.

The study of Kesmez Can et al. [38], in line with current study, involved 60 patients
and recorded the IL-6 increased in sever patients than both mild and moderate patients.
Numerous studies have shown that in severe cases of SARS-CoV-2 infection activate the
adaptive and innate immunity in the alveolar tissue, leading to release cytokine and
then a syndrome associated with cytokines, indicating highest concentration of pro-
inflammatory cytokines (IL-6, IL-1, IL-8, TNF-a and IFN-y) as an important cause of death
[39, 401. It is possible to explain the negative

The level of IL-13 decreases significantly in patients than control group, within patients’
severity of disease increase in sever and moderate than critical patients, while non-
significant was scored according to BMI categories, also, IL-13 has positive correlation with
IL-4 and IL-6. IL-13 is implicated in numerous adverse processes, including eosinophils and
M2 macrophages recruitment to the lung, goblet cell metaplasia and mucus secretion
in the airways, smooth muscle cells proliferation, fibrosis induce by activation of
fibroblast and collagen deposition [41]. The study of Vaz de Paula et al. [42], were showed
non-significant difference between COVID-19 patients than control, while decreased
significantly when compared with Influenza infected patients. Like IL-4, the T2 pathway
was activated by IL-13, because both interleukins share the same receptor (IL4Ra). Both
interleukins induce activation of macrophage M2 [Sphingosine-1] by alternative pathway,
which enhances the production of platelet-derived factor and TGF-B. This stage is
characterized by transient expansion of resident fibroblasts, temporary matrix formation,
proliferation of airway progenitor cells, and type Il pulmonary cells [43, 44]. Donlan et al.
[45], disagreed with present study was reported the IL-13 increase in patients than control
group, in other hand was noted the level increase in patients with mechanical ventilation,
also noted the level increased after week of symptoms onset. Also, Carapito et al. [46],
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was revealed that the level of IL-13 was elevated in ICU COVID-19-patients than non-ICU
patients when analyzing large-scale serogroups of young less than 50 of patients without
comorbidities of varying severity of COVID-19 disease. The difference in the level of IL-13
and other interleukins between the current study and previous studies may be due to
the fact that COVID-19 is more morbidity and mortality in the age 65 and older after long
periods of mechanical ventilation, secondary infection during the recumbent period, so
it is difficult to ignore the effect of age, mechanical ventilation duration, strength, and
secondary infection on the levels of parameters involved in this study.

On other hand the study of Gibellini et al. [47], agrees with the current study to some
extent, was noted the IL-13 was reduced in patients who with mechanical ventilation or
died patients, also noted IL-13 driven positive regulation of profibrotic actions of TGF-b.
This may be explaining the low level of anti-inflammatory cytokines in patients who are
in a critical state of the disease. The TH2 cytokines, especially IL-13 and IL-4, also has a role
in M2 macrophages differentiation, which in turn had a role in the developed of fibrosis
of pulmonary through TGF-3 secretion [42]. the study of Bonser et al. [48], were noted the
patients suffer from type 2 asthma had protection against COVID-19 infection due to an
elevated level of IL-13 which regulates the expression of a programed genes in mucus-
producing goblet cell specially SPDEF, which in turn produce mucus like film, depending
on the level of viral-RNA and RNA staining, their study showed that both mucosal gel
and IL-13 stimulation reduced viral infectivity. Even when the mucosal layer had been
removed before the infection, IL-13 effects could still be visible, while increasing their
level during the second week of infection causes opposite effects such as M2 activation,
goblet cell metaplasia, and mucus secretion in the airways [49]. Several mechanisms
may explain who the IL-13 inhibition of COVID-19 infection. A study showed the IFN-y-
stimulates genes that mediate restriction infection of COVID-19, demonstrating how a
single-cytokine induce a wide variety of antiviral pathways. and found that the changing
gene expression induced by IL-13 was very different from those induced by IFN-y, which
suggests that these cytokines activate different antiviral pathways [50].

The level of IL-17 increases significantly in patients than control group, while non-
significant difference was noted according disease-severity, according to BMI the level
increased in both overweight and obesity than normal, furthermore the IL-17 has
negative correlation with all anti-inflammatory IL-4, IL-13. Th17 cells were the chief
source of interleukin 17, it stimulates IL-8 secretion of, which is a strong chemoattractant
for neutrophils, Consequently, IL-17 plays a significant role in neutrophil-regulating.
Neutrophil is significant in the host-defense against variety of pathogens. Importantly,
neutrophils had been showed to play a main-role in several immune system conditions
and acute lung damage [51]. The present study agreed with study of Ghazavi et al. [52],
was noted a significant increase in patients than control, while noted the level increased
in mild than sever patients, this result may be due to the small size of the sample, which
may affect the statistical results, as explained in the same research. Also, Avdeev et al. [53],
reported the COVID-19 patients had a high level of IL-17, also, use of anti-IL-17 therapy
and noted improvement in clinical and laboratory parameters, although there was non-
significant effect on clinical outcomes and mortality. In theory, IL-17 blockade appears to
be a promising therapeutic area, as it can also reduce the production of pro-inflammatory
mediators such as IL-6, IL-13, and TNF, recruit neutrophils and prevent apoptosis, which
ultimately leads to increased lung parenchyma damage. These events are a major factor
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in the development of ARDS in COVID-19 [54,55]. Study of Pacha et al. [56], investigated
inhibition IL-17 was approved as a common and positive strategy for dropping incidence
related with autoimmune diseases such as psoriatic arthritis and psoriasis. Several studies
reported high IL-17 production as a result of TH17 cells dysregulation in the synovial space,
skin, and endothelium and other organs the enhances secretion of pro-inflammatory
mediators such as IL-6, IL-13, TNF and neutrophil and chemo-attractants such as IL-8, CCL2,
CXCL10, and CCL20. The recruited neutrophils and production high level of interleukin-6
and reactive oxygen species, resulting in characteristic skin lesions and joint destruction
[57, 58]. Based on the above findings, it may be the same IL-17 mechanism that causes
diabetes, other chronic diseases and autoimmune diseases in COVID-19 patients during
or after recovery from the disease. The imbalance of the cytokines examined was noted
in the current study such as ratio of IL4/IL-17, was decreased in patients than control,
supports the hypothesis that a shift of the immune system towards Th1 or Th17 than Tregs
and Th2 may be responsible for the development of autoimmune diseases in future. IL-
17 specifically enhances pro-inflammatory mediators, but not-antiviral, expression gene
in cells infected by viruses by stimulating non-immune cells such as epithelial cells and
fibroblasts to produce high levels of pro-inflammatory cytokines and chemokines in
response to viral-infection attracting other of immune cells such as neutrophils, which
can lead to increase morbidity, while at the same time remaining ineffective in preventing
the spread of the pathogen [59].

B CONCLUSION

Increased IL-6 was related to both hyperglycemia and insulin resistance, making
it useful in predicting the progression of GDM. Where’s an increase in interleukin-17
is associated with an increase in the production of IL-6, IL-1, and TNF and thus inhibits
apoptosis, while IL-4 and IL-13 are mostly associated with fibrotic remodeling.
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