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Abstract

Cytokines play pivotal functions in coronavirus disease 2019 (COVID‐19)

pathogenesis. However, little is known about the rationale and importance of

genetic variations associated with immune system responses, so‐called “immuno-

genetic profiling.” We studied whether polymorphisms of IL6, IL6R, TNFA, and IL1RN

affect the disorder severity and outcome in patients infected with COVID19. We

recruited 317 hospitalized patients with laboratory‐confirmed COVID‐19 from

Bu‐Ali hospital and 317 high‐risk participants who had high exposure to COVID‐19

patients but with a negative real‐time‐polymerase chain reaction (PCR) test. Multiple

regression analyses were applied. We indicated that participants carrying the A allele

in TNFA‐rs361525, G>A (p < .004), the C allele in IL1RN‐rs419598 T>C (p < .004),

the A allele in IL6R‐rs2228145, A>C (p = .047) are more susceptible to develop

COVID‐19. In contrast, those who carry the G allele of IL6‐rs2069827, G>T (p = .01),

are more protected from COVID‐19. Also, we compared the various genotypes

regarding the disorder severity and poor prognosis; we found that the AA genotype

in TNFA is related to more aggressive illness and bad prognostic in contrast to the

other inflammatory cytokines' genotypes. In addition, a high level of inflammatory

indications, such as neutrophil‐to‐lymphocyte ratio and systemic immune‐

inflammation index, was observed in deceased patients compared with the survived

subjects (p < .0001). We advised considering inflammatory cytokines polymorphisms

as the main item to realize the therapeutic response against the acute respiratory

distress syndrome induced by the SARS‐CoV‐2 virus.
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1 | INTRODUCTION

The current increase in the rate of global morbidity and mortality

has lately been attributed to coronavirus disease 2019 (COVID‐19),

instigated by a novel severe acute respiratory syndrome coronavirus

2 (SARS‐CoV‐2) (Guo et al., 2020; Rokni, Ghasemi et al., 2020;

Sivasankarapillai et al., 2020). The clinical course of COVID‐19 is of

paramount importance mostly due to its diversity; that is, although

the symptoms remain completely invisible in some individuals, a vast

majority of infected patients present a wide array of complications

such as increased cytokine release syndrome (CRS) and even death

(Sheervalilou, Shirvaliloo, Sargazi, Shirvalilou et al., 2021; Yuki

et al., 2020).

At the moment, there is no definite treatment to stop SARS‐CoV‐

2 replication (Sheervalilou et al., 2021). Interestingly, molecular

docking and structural dynamics experiments have shown that a

variety of bioactive compounds (Bhardwaj et al., 2021; Bhardwaj

et al., 2021a, 2021b; Sharma et al., 2021) or chemically synthesized

(Bhardwaj et al., 2021) or turmeric‐derived (Singh, Bhardwaj

& Purohit, 2021) compounds with good docking scores could bind

to different proteins of the virus, and therefore, phonetically inhibit

its replication (Singh, Bhardwaj, Das et al., 2021).

Cytokines or interleukins (with a molecular weight between 8

and 40 kDa) are the critical mediator regulators of the host's response

to diseases such as infection and hyper inflammation. They trigger

and balance the immune response and also systemic and local

intracellular regulatory mediators. They can be divided into anti‐

inflammatory (IL‐1RA [Encoded by the IL1RN gene], IL‐10 and TGF‐β

[transforming growth factor beta]) and proinflammatory (IL‐1, IL‐6,

IL‐6R [IL‐6 receptor], and tumor necrosis factor α [TNF‐α]) proteins,

also anti‐inflammatory proteins can repress the upregulation of

proinflammatory proteins (Homeostasis)(Dinarello, 2000). The per-

meation of SARS‐CoV‐2 into respiratory epithelial cells induces

pathogenic T helper 1 (Th1) cells to secrete proinflammatory

cytokines such as interleukin‐1 (IL‐1) and IL‐6. These cytokines, in

turn, trigger CD14+CD16+ inflammatory monocytes to generate vast

amounts of IL‐6, TNF‐α, and other cytokines (Qin et al., 2020;

RokniHamblin et al., 2020; Sheervalilou, Shirvaliloo, Sargazi, Shirvalilou

et al., 2021).

Epidemiological investigations have shown an increase in

acute phase proteins [such as ferritin, serum amyloid, and, more

importantly, C‐reactive protein (CRP)] in patients infected with the

SARS‐CoV‐2 virus, representing the prompt initiation of the innate

immune response (Ghaznavi et al., 2022; Jamilloux et al., 2020;

Sheervalilou, Shirvaliloo, Sargazi, Bahari, et al., 2021). Meanwhile, the

effectiveness of the innate immune response against the SARS‐CoV‐

2 virus depends on the production of intrinsic type 1 interferon

(IFN‐I) and its downstream signaling factors, which control the

replication of the virus and induce an adequate adaptive immune

response (Infantino et al., 2020; Prompetchara et al., 2020). Yet,

because of the complex immune dysregulation caused by the virus,

the virus can avoid this attack (Khosroshahi & Rezaei). Cytokine

storm (CS) is mainly caused by chronic stimulation of T cells,

weakening the body's defenses and making the infected patients

more susceptible (Yazdanpanah et al., 2020). It has been established

that these patients have higher levels of circulating MCP‐1, MCP‐3,

MIP‐1α, G‐CSF, IP‐10, TNF‐α, IFN‐ γ, IL‐1β, IL‐1RA, IL‐6, sIL‐2Rα, IL‐

10, IL‐17, and IL‐18 (Huang et al., 2020; Yang et al., 2020).

A substantial secretion of IL‐6, TNF‐α, and IL‐1 signifies the CS in

COVID‐19 (Copaescu et al., 2020). A relevant study in a murine

model demonstrated that IL‐6 plays a pivotal role in acute lung injury

(ALI). In this scenario, loss of IL‐6 alleviated ALI severity (Imai

et al., 2008).

Apart from IL‐6, tissue damage can also arise from a soar in

several cytokines in CRS. In roughly all acute inflammatory reactions,

inflammation gets aggravated by TNF‐α. This cytokine is always

manifested in the immune response and, consequently, in the

excessively damaging inflammatory phase of COVID‐19, which is

conventionally termed as hyperinflammation or CS; thus, counteract-

ing the effect of TNF‐α is the logic underlying its use in anti‐TNF‐α

therapies in COVID‐19 (Feldmann et al., 2020). With the IL‐1 family

as the central mediator, a response is produced by the host immune

system once viral infection initiates. As a result of the function of this

family, potent proinflammatory cytokines, including IL‐1α and IL‐1β,

are merged with IL‐1 receptor antagonist (IL‐1RA), and their negative

regulators possess anti‐inflammatory effects (Rider et al., 2011;

Werman et al., 2004). The transmission of proinflammatory signals is

hindered when the IL‐1 cell receptor is targeted by IL‐1RA competing

with IL‐1α and IL‐1β (Kobayashi et al., 1990; Werman et al., 2004).

Moreover, in the case of an acute and lengthy inflammatory

response, IL‐1RA guards cells against damage and acts in harmony

with the immune response by elevating its levels during the ending

stages of an inflammatory response (called homeostasis) (Kavita &

Mizel, 1995).

The variations in the unique level of cytokines are primarily

determined by the exclusive contributions of their genetic compo-

nents sincedate, it is not clear whether it has been proved that

polymorphisms embodied in the genes coding cytokines can affect

tassociated with the risk ofheir transcriptional function. This is why

myriad investigations have concentrated on the genetic variants

of inflammatory cytokine genes in patients with SARS‐CoVs

(Wang et al., 2008) and SARS‐CoV‐2 infection (Saleh et al., 2020).

Genetic variations within some inflammatory cytokines, including

TNF‐α (rs1800629), IFNAR2 (rs2236757), IFNB (rs2071430), IFNG

(rs2430561), IL4 (rs2070874), and IL1RN (rs315952), have been

already associated with the risk of COVID‐19 (Paim et al., 2021;

Saleh et al., 2020). However, to date, it is not clear whether

polymorphisms in IL12, IL10, and CCL7, could affect COVID‐19 risk

and severity. Therefore, a vast area of research should be dedicated

to attaining a profound perception of the susceptibility factors

that affect the disease outcome. Under the given role of IL‐6 known

as +2018 CD4+ and associates suggested cells, Kirtipal and

Bharadwaj (2020) suggested that IL6 polymorphisms can serve as

indicator of the severity of COVID‐19 in patients or subjects with

asymptomatic symptoms. In other words, heightened levels of IL‐6

are directly tied with the gravity of COVID‐19 (Sun et al., 2020), and
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thus, the host response against SARS‐CoVs, and also SARS‐CoV‐2

cknown as +2018an be highly linked to IL6 genetic variants (Kirtipal &

Bharadwaj, 2020). Moreover, the progression of several disorders can

be expedited by the impact of functional polymorphisms in the IL1RN

gene, confirmed by multiple genetic association studies (Dinarello,

2018; Simón et al., 1998).

The IL6 rs2069827 is located in a putative transcription factor

binding site (Soerensen et al., 2013). Previous studies have shown

that genotypes of this variation do not affect plasma levels of IL‐6

(Singh et al., 2020; Soerensen et al., 2013). The rs2228145 is a

missense variation that has been described as an important

determinant of circulating IL‐6R levels in the blood, serum, and

cerebrospinal fluid (Garbers et al., 2018; Strafella et al., 2020). This

variation resides within the extracellular domain of the IL‐6R, which is

necessary for the receptor's interaction with extracellular ligands. It

has been hypothesized that it may influence protein function due to

the amino acid exchange (p.Asp358Ala) (Strafella et al., 2020). As a

functional polymorphism, the IL1RN rs419598 (also known as +2018)

polymorphism is located in chromosome 2 (position: 113129630)

(Mesa et al., 2017), with a minor allele frequency (MAF) of 0.192,

based on data provided by 1000 genome project. The majority of

large population studies on TNFA variations have not included the

−238G/A (rs361525) polymorphism. The MAF of this single‐

nucleotide polymorphism (SNP) was reported to be between 3%

and 6% in Caucasians, and even though previous data showed no

elevation in plasma expression of TNF‐α in the presence of this

variation, it is likely to serve a fundamental role in the clinical

phenotype of inflammatory diseases and their progression (Sapey

et al., 2010).

The current study hypothesizes a direct linkage between the

prognostic/outcome of COVID‐19 patients and polymorphisms of

the cytokine genes, including the promoteric variations of TNFA

(rs361525, G>A), IL6 (rs2069827, G>T), and exonic variations of IL6R

(rs2228145, A>C) and IL1RN (rs419598, T>C). The rationale behind

selecting these genes was their fundamental roles in immune

responses and inflammation regulation, and more importantly,

polymorphisms within these inflammatory cytokines can affect gene

expression and, therefore, contribute to the pathophysiology of the

disease (Ferreira et al., 2013; Zhu et al., 2014).

2 | MATERIALS and METHODS

2.1 | Study population

This study was conducted in a central hospital for COVID‐19 patients

in Zahedan, Iran, between July 2020 and February 2021. The

unaffected controls (317 participants) were carefully selected among

subjects with a high probability of exposure to the SARS‐CoV‐2 virus,

which had a family history of COVID‐19 and/or health care workers

in high exposure with COVID‐19 patients (Asymptomatic group), but

tested several times in a given 8 months and showed negative real‐

time reverse‐transcriptase‐polymerase chain reaction (RT‐PCR)

results for the SARS‐CoV‐2 RNA. The case group consisted of 317

hospitalized patients with laboratory‐confirmed SARS‐CoV‐2. Labo-

ratory confirmation was defined as a positive result for SARS‐CoV‐2

RNA on RT‐PCR assay of oro‐ and nasopharyngeal swab specimens.

Patients were diagnosed according to the guidelines for the

treatment and diagnosis of COVID‐19 (Xu et al., 2020). Patients

with mild/moderate (nonsevere) COVID‐19 had less than 39.1°C

fevered respiratory symptoms and blood oxygen saturation levels

(SpO2) ≤ 93%. Accordingly, patients with severe or critical COVID‐19

had SpO2 ≤ 90%, severe respiratory distress (respiratory rate [RR] >

30/min), acute respiratory failure needing mechanical ventilation

(intubation), and combined organ failure requiring mandatory

admission to intensive care unit (Zhang et al., 2013). Clinical and

demographic data of all participants were recorded (Table 2).

Unaffected controls were selected from healthy individuals (or health

care workers) who came to the hospital for a checkup with a high

probability of exposure to the SARS‐CoV‐2 virus but negative

RT‐qPCR test and patients group were selected from hospitalized

patients with laboratory‐confirmed SARS‐CoV‐2 RNA. Controls with

a history of COVID‐19 diseases (severe form) and COVID‐19

vaccination and lesion in chest computed tomography (CT)‐scan

were excluded from the study. All procedures performed in studies

involving human participants were in accordance with the ethical

standards of the institutional and/or national research committee and

with the 1964 Helsinki declaration and its later amendments or

comparable ethical standards. Written consent was obtained from all

participants.

2.2 | DNA extraction, SNP selection, and
genotyping

Five milliliters of peripheral blood specimen were collected from each

participant, and extraction of genomic DNA (gDNA) was done using a

simple salting‐out procedure (MWer et al., 1988; Rokni et al., 2019;

Sandoughi et al., 2020) and the quality of the extracted gDNA was

verified by nano‐drop (OD260/OD280 ratio [≥1.8]). Both PCR‐

amplification refractory mutation system (ARMS) for genotyping of

IL6 (rs2069827, G>T) and restriction fragment length polymorphism

(RFLP)‐PCR techniques were used for genotyping of TNFA (rs361525,

G>A), IL6R (rs2228145, A>C) and IL1RN (rs419598, T>C) polymor-

phisms. Information regarding the studies SNPs (With a MAF > 0.2

based on the data from the 1000 genomes project) were retrieved

from the national center for biotechnology information (NCBI)

database.

Allele‐specific primers (Table 1) were designed using Gene

Runner 3.05 (http://www.generunner.com) and synthesized by

Sinaclon Co., Ltd. The reactions were set by the following protocol:

a total volume of 20 µl containing 1 µl of gDNA (60 ng/ml), 1 µl of

each primer (6 pmol), 12 μl of Taq 2x Master Mix Red‐Mgcl2 1.5 mM

(Ampliqon Inc.) and 5 μl of distilled water. Each reaction mixture was

heated to 95°C for 5min for initial denaturation and underwent

30 cycles at 95°C for 45 s, annealing at different temperatures
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(according to Table 1 for each SNP) for 45 s with an extension at

72°C for 45 s, followed by a final extension at 72°C for 5min.

Following HinfI (for IL6R [rs2228145, A>C]) and MspI (for TNFA

[rs361525, G>A] and IL1RN [rs419598, T>C]) restriction enzymes

digestion in incubating at 37°C for 16 h, the digested products were

subjected to electrophoresis on 1.5% agarose gel. The gel was then

stained with safe stain load dye (Cinna clon) and visualized under

ultraviolet light (Figure 1). For genotyping of IL6 (rs2069827, G>T)

TABLE 1 Designed primers for genotyping of the studied SNPs

Genes/SNPs
Function
of SNPs

Genotyping
methods Primer sequences

Annealing
temp (°C) RE

Product
size (bp)

TNFA

rs361525 G>A Promoteric RFLP‐PCR F: ATCTGGAGGAAGCGGTAGTG 55 MspI G: 132 + 20

R: AGAAGACCCCCCTCGGAACC A: 152

IL1RN

rs419598 T>C Synonymous RFLP‐PCR F: TTCCGTCTCTTGAAACTTCTACCT 56 MspI T: 314

R: AAAGACCCAACAAGGATTAGGACAT C: 157

IL6R

rs2228145 A>C Missense RFLP‐PCR F: GTTAAGCTTGTCAAATGGCCTGTT 55 HinfI A: 258

R: CAGAGGAGCGTTCCGAAGG C: 188 + 170

IL6

rs2069827 G>T Promoteric ARMS‐PCR F (G‐allele): CAACTGAGGTCACTGTTTTAGCG 62 ‐ G or T: 150

F (T‐allele): CAACTGAGGTCACTGTTTTAGCT

R (Common): GACAGCTCTGAGATGGCTTCA

Abbreviations: ARMS‐PCR, amplification refractory mutation system polymerase chain reaction; bp, base pair; F, forward; R, reverse; RE, restriction
enzyme; RFLP‐PCR, restriction fragment length polymorphism polymerase chain reaction; SNP, single‐nucleotide polymorphism.

F IGURE 1 Electrophoresis images of polymerase chain reaction restriction fragments length polymorphism (RFLP‐PCR) for TNFA, IL‐1RN,
IL‐6R polymorphism ([a] rs361525 G>A, [b] rs419598 T>C, and [c] rs2228145 A>C) and ARMS‐PCR for IL‐6 polymorphism ([d] rs2069827 G>T).
50 bp DNA ladder

1112 | CCell ell BBiologyiology
    IInternationalnternational

ROKNI ET AL.



polymorphism, an ARMS‐PCR method was established (see in

Table 1). At least 20% of the samples were randomly re‐genotyped,

and genotyping accuracy was 100%.

2.3 | Laboratory, radiology assessment, and
inflammatory indications

For all of the participants, venous blood was collected for para‐

clinical evaluation, complete cell blood count or full blood count,

erythrocyte sedimentation rate (ESR), CRP, lactate dehydrogenase

(LDH), and also chest radiological/CT‐scan were done. Also,

inflammation indications were calculated using specific parameters

of blood analysis such as neutrophil to lymphocyte ratio (NLR) and

platelet to lymphocyte ratio (PLR). Systemic immune‐inflammation

indication (SII) was performed based on platelet count multiplied by

the NLR (Supporting Information file).

3 | STATISTICS ANALYSIS

In this study, data were presented by mean ± standard deviation.

Statistics analysis was used with the IBM SPSS version 23.0 software.

The sample size calculator server was used to calculate the sample size

with allelic frequencies obtained by both groups at the power of 80%

[https://clincalc.com/stats/SampleSize.aspx] (Noordzij et al., 2010).

Deviation from the Hardy‐Weinberg equilibrium was checked using

the χ2 test. Student sample t‐test and one‐way analysis of variance with

post hoc Bonferroni correction (p < .0125) test were performed to

detect multiple comparisons. Descriptive statistics were done to

determine the paraclinical and clinical features. Qualitative data were

performed using the χ2 spearman's test. Additionally, the independent

effect of each polymorphism was done by logistic regression test. The

odds ratios (OR) with 95% confidence intervals (CI) were performed to

determine the association between the polymorphisms case groups.

p Values less than .05 were shown statistically significant.

4 | RESULTS

4.1 | Clinical and paraclinical characteristics of the
participants

The mean age was 55.24 in COVID‐19 patients and 53.85 in

unaffected controls. No significant difference was noticed between

cases and unaffected control groups concerning age (p = .124) and

gender (p = .239). The clinical features of the studied subjects are

shown in Table 2. Compared to healthy individuals, COVID‐19

patients had markedly higher leukocytes/white blood cells (WBCs),

neutrophil counts, CRP, ESR, LDH (p < .001) values, and inflammatory

indices such as NLR, PLR, and SII index (p < .001). In contrast, platelet,

lymphocyte counts, and SpO2 (%) were significantly lower in cases

than in unaffected controls (p < .001).

On admission, in the case group, ground‐glass opacity was the most

typical radiographic finding on chest CT patterns (51.4%). No radiologic

or chest CT pattern abnormality was found in 8 of 317 COVID‐19

patients (2.5%). In the case groups, 203 (64%) of the patients were

presented with severe/critical and 114 (36%) nonsevere form of the

disease, and 8.2% (26/317) of them were deceased (Table 2).

Student t‐test indicated that the inflammatory index levels (NLR

and SII), SpO2, and laboratory characters were statistically different in

the case groups with nonsevere (mild/moderate) or severe (critical)

COVID‐19 when compared with the decease groups (p < .001) except

for serum CRP, ESR levels, and PLR index. In the case groups, most of

the underlying diseases in the infected patients with COVID‐19 had

diabetes mellitus (86 [27.1%]) and hypertension (81 [21.6%]). Also,

data analysis demonstrated that patients with underlying diseases

such as coronary heart disease were more than suffer from

COVID‐19 (p < .012, see in Table 3).

4.2 | Genetic association analysis, distribution,
disease severity, and prognosis

4.2.1 | Polymorphism in TNFA gene
(rs361525, G>A)

We found a significant association between rs361525 G>A (TNFA)

polymorphism and risk of COVID‐19 under codominant AA versus

GG (OR = 2.10; 95% CI: 1.33−3.31, p < .001), and recessive AA versus

GG +GA (OR = 2.19; 95% CI: 1.47‐3.27, p < .0001) contrasted genetic

models (Table 4). There was no significant difference between the

different genotypes from rs361525 G>A (TNFA) polymorphism

regarding the para‐clinical, inflammatory indications characters and

underlying diseases (Table 5). Moreover, the A allele of rs361525

G>A (TNFA) was associated with a 1.38‐fold increase in COVID‐19

risk. Also, our study highlighted the disease severity and outcome in

different genotypes from cytokines polymorphism of the studied

cases. There was no statistical difference between the various

genotypes of cytokines for the prognosis of the disorder, except for

TNFA (rs361525, G>A) that the AA genotype, the disorder was

severe (or critical) in comparison to cases in the GA/GG genotype

with P1 = 0.033/P3 = 0.038 (Table 6).

4.2.2 | Polymorphism in IL1RN gene (rs419598 T>C)

In this study, enhanced risk of COVID‐19 infection was observed

under codominant TC versus TT [OR = 1.46; 95% CI: 1.05−2.04,

p = .024], CC versus TT (OR = 1.88; 95% CI: 1.08−3.25, p = .024) and

dominant TC + TT versus CC (OR = 1.54; 95% CI: 1.12−2.10,

p < .007) genetic models of rs419598 T>C (IL1RN) polymorphism

(Table 4). There was no significant difference between the different

genotypes from rs419598 T>C (IL1RN) polymorphism regarding the

para‐clinical, inflammatory indications characters, disorder severity,

outcome, and underlying diseases.
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TABLE 2 Clinical and demographic
characteristics of COVID‐19 patients and
controls, parameters described as
mean ± SD or number (percentage%)

Parameter
evaluated

COVID‐19, N (%) or
(mean ± SD) Controls, N (%) or (mean ± SD) p value

Age (year) 55.24 ± 14.03 53.85 ± 15.38 .124

Gender

(female/male)

123/194 152/165 .239

WBC count (×109/L) 9.31 ± 4.62 8.16 ± 5.83 <.001*

Plt count (×109/L) 246.93 ± 97.42 273.13 ± 73.67 <.001*

Lymph count
(×109/L)

0.99 ± 0.54 2.90 ± 2.54 <.001*

Neut count (×109/L) 7.73 ± 4.41 4.51 ± 2.89 <.001*

CRP (mg/L) 15.20 ± 4.53 4.28 ± 0.66 <.001*

ESR (mm/h) 49.68 ± 23.25 13.23 ± 7.10 <.001*

NLR (index) 10.00 ± 7.84 1.92 ± 1.93 <.001*

PLR (index) 313.14 ± 218.21 114.63 ± 51.64 <.001*

SII (index) 2517.20 ± 2226.21 523.78 ± 476.76 <.001*

SpO2 (%) 84.97 ± 8.28 98.60 ± 96.40 <.001*

LDH (IU/L) 709.91 ± 309.36 229.11 ± 50.82 <.001*

Density pattern

No lesion 8 (2.5) 317 (100.0) ‐

GGO 163 (51.4) 0

Consolidation 39 (12.3) 0

Mixed 107 (33.8) 0

Lesion location

No lesion 8 (2.5) 317 (100.0) ‐

Right lateral 44 (13.9) 0

Left lateral 31 (9.8) 0

Bilateral 234 (73.8) 0

Disease form

Asymptomatica 0 317 (100.0) ‐

Nonsevere 114 (36.0) 0

Severe/critical 203 (64.0) 0

Status

Deceased 26 (8.2) 0 ‐

Survived 291 (91.8) 317 (100.0)

Abbreviations: COVID‐19, coronavirus 2019; CRP, C‐reactive protein; ESR, erythrocyte sedimentation

rate; GGO, grand glass opacity; LDH, lactate dehydrogenase; Lymph, lymphocyte; Neut; neutrophil;
NLR, neutrophil/lymphocyte ratio; PLR, platelet/lymphocyte ratio; Plt, platelet; SII, systemic immune‐
inflammation index; SpO2, blood oxygen saturation levels measured by pulse oximetry; WBC, white
blood cell.

*p < .05 (bolded p values) was considered statistically significant.
aAsymptomatic with negative RT‐PCR test.
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TABLE 3 Risk factors of death and underly diseases among studied cases, parameters described as mean ± SD

Blood routine (unit, normal range) Stat
Total
(N = 317) Mean ± SD Sig. (two‐tailed)

Leukocyte count (×109/L, range 3.5–9.5) Deceased 26 12.49 ± 6.24 <.0001**

Survived 291 09.02 ±04.35

Platelet count (×109/L, range 125–450) Deceased 26 198.77 ± 90.13 <.008*

Survived 291 251.23 ± 97.03

Neutrophil count (×109/L, range 1.8–6.3) Deceased 26 11.04 ± 06.22 <.007*

Survived 291 07.43 ± 04.11

Lymphocyte count (×109/L, range 1.1–3.2) Deceased 26 0.64 ± 0.36 <.0001**

Survived 291 1.03 ± 0.54

Neutrophil/lymphocyte ratio (index, <5) Deceased 26 19.04 ± 12.88 <.0001**

Survived 291 09.14 ± 06.64

Platelet/lymphocyte ratio (index, <200) Deceased 26 386.12 ± 290.48 .078

Survived 291 307.30 ± 210.33

Systematic inflammatory index (index, <500) Deceased 26 3890.55 ± 3420.04 <.001*

Survived 291 2402.99 ± 2078.99

C‐reactive protein (mg/L, 0.0–6.0) Deceased 26 15.85 ± 04.01 .401

Survived 291 15.14 ± 04.58

Blood oxygen saturation levels
(%, range 93–98)

Deceased 26 74.19 ± 10.86 <.0001**

Survived 291 86.34 ± 06.75

Erythrocyte sedimentation rate (mm/h, 2‐22) Deceased 26 54.15 ± 21.77 .285

Survival 291 49.27 ± 23.37

Lactate dehydrogenase (IU/L, range 140–280) Deceased 26 1031.04 ± 456.29 <.0001**

Survival 291 681.22 ± 276.15

Underlying diseases, total N = 317 (%)

Hypertension diseases, N = 81 (21.6) Deceased 6 (1.9%) ‐ ‐ .486

Survival 75 (23.7%) ‐ ‐

Autoimmune diseases, N = 21 (06.6) Deceased 1 (0.3%) ‐ ‐ .470

Survival 20 (6.3%) ‐ ‐

Chronic diseases, N = 44 (13.9) Deceased 3 (0.9%) ‐ ‐ .499

Survival 41 (12.9%) ‐ ‐

Coronary heart diseases, N = 42 (13.2) Deceased 8 (2.5%) ‐ ‐ <.012*

Survival 34 (10.7%) ‐ ‐

Diabetes mellitus diseases, N = 86 (27.1) Deceased 5 (1.6%) ‐ ‐ .242

Survival 81 (25.6%) ‐ ‐

Abbreviation: SD, standard deviation.

*p < .05 (bolded p values) was considered statistically significant, **p < .001 (bolded p values) was considered statistically significant.
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TABLE 4 Allelic and genotypic
distribution of the studied polymorphisms,
number (percentage%)

SNP COVID‐19 N (%) Control N (%) Genetic model OR (95% CI) p value

rs361525 G>A (TNFA)

GG 90 (28.4) 101 (31.9) 1 [Reference]

GA 141 (44.5) 170 (53.6) GA versus GG 0.93 (0.65−1.34) .697

AA 86 (27.1) 46 (14.5) AA versus GG 2.10 (1.33−3.31) <.001*

HWE ‐ 0.059 Dominant 1.18 (0.84−1.66) .341

Recessive 2.19 (1.47−3.27) <.0001*

Over dominant 0.69 (0.51−0.95) <.021*

G 321 (50.6) 372 (58.7) Allelic 1 [Reference]

A 313 (49.4) 262 (41.3) Allelic 1.38 (1.11−1.73) <.004*

rs419598 T>C (IL1RN)

TT 145 (45.7) 179 (56.5) 1 [Reference]

TC 134 (42.3) 113 (35.6) TC versus TT 1.46 (1.05−2.04) .024*

CC 38 (12.0) 25 (7.9) CC versus TT 1.88 (1.08−3.25) .024*

HWE ‐ 0.234 Dominant 1.54 (1.12−2.10) <.007*

Recessive 1.59 (0.94−2.70) .084

Over dominant 1.32 (0.96−1.82) .087

T 424 (66.9) 471 (74.3) Allelic 1 [Reference]−

C 210 (33.1) 163 (25.7) Allelic 1.43 (1.12−1.82) <.004*

rs2228145 A>C (IL6R)

CC 96 (30.3) 107 (33.7) 1 [Reference]‐

AC 155 (48.9) 168 (53.0) AC versus CC 1.03 (0.72−1.46) .876

AA 66 (20.8) 42 (13.2) AA versus CC 1.75 (1.09−2.82) .020*

HWE ‐ 0.058 Dominant 1.17 (0.84−1.64) .349

Recessive 1.72 (1.13−2.63) .011*

Over dominant 0.85 (0.62−1.16) .302

C 347 (54.7) 382 (60.3) Allelic 1 [Reference]

A 287 (45.3) 252 (39.7) Allelic 1.25 (1.00−1.57) .047*

rs2069827 G>T (IL6)

GG 143 (45.1) 116 (36.6) 1 [Reference]‐

GT 136 (42.9) 146 (46.0) GT versus GG 0.76 (0.54−1.06) .104

TT 38 (12.0) 55 (17.4) TT versus GG 0.56 (0.35−0.91) .018*

HWE ‐ 0.439 Dominant 0.70 (0.51−0.97) .029*

Recessive 0.65 (0.41−1.01) .056

Over dominant 0.88 (0.64−1.20) .424

G 422 (66.6) 378 (59.6) Allelic 1 [Reference]

T 212 (33.4) 256 (40.4) Allelic 0.74 (0.59−0.93) .010*

Abbreviations: CI, confidence interval; COVID‐19, coronavirus 2019; HWE, Hardy−Weinberg
equilibrium; OR, odds ratio; SNP, single‐nucleotide polymorphism.

*p < .05 (bolded p values) was considered statistically significant.
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4.2.3 | Polymorphism in IL6R (rs2228145 A>C) and
IL6 (rs2069827 G>T) genes

The result of this study depicted that increased risk of COVID‐19

infection was observed under codominant AA versus CC [OR = 1.75;

95% CI: 1.09−2.82, p = .020], recessive AA versus AC + CC [OR =

1.72; 95% CI: 1.13−2.63, p = .011] models of rs2228145 A>C (IL6R)

polymorphisms. As regards the rs2069827 G>T (IL6) polymorphism,

decreased risk of COVID‐19 infection was found under codominant

TT versus GG [OR = 0.56; 95% CI: 0.35−0.91, p = .018], dominant

GG +GT versusTT [OR = 0.70; 95% CI: 0.51−0.97, p = .029] modes of

inheritance (Table 4). There was no significant difference between

the different genotypes from cytokines polymorphism regarding the

para‐clinical and inflammatory indications characters, except for IL6R

(rs2228145, A>C) that the AC genotype increased the degree the

lymphocytopenia in comparison to cases in the CC genotype with

P2 = .006 (Table 5). In the studied cases of COVID‐19, the distribution

of the CC genotype compared to the AA genotype of the IL6R gene

indicated a significant difference regarding suffering from hyper-

tension (p < .01).

Also, there was no significant difference between the different

genotypes of IL6 as regards the comorbidities except for diabetes

mellitus (GT vs. TT) and hypertension (GT vs. GG) with p = .039 and

0.029, respectively.

So, the A allele of both rs361525 G>A and rs2228145 A>C and

the C allele of rs419598 T>C enhanced COVID‐19 susceptibility,

while the G allele of rs2069827 G>T (IL6) indicated powerful

protection against this pandemic disease.

Table 7 indicates the interaction analysis of the tested SNPs on

COVID‐19 risk. The results of relationship between the studied

variations demonstrated that the AA/CT/CA/GT (OR= 6.67; 95% CI:

1.14−39.10, p = .021), AA/CT/CC/GT (OR = 8.00; 95% CI: 1.41−45.23,

p< .009), AG/CT/CC/GG (OR = 3.67; 95% CI: 1.19−11.31, p = .021),

AG/TT/CA/GG (OR =4.33; 95% CI: 1.74−10.76, p < .001), AG/TT/CC/

GG (OR = 6.09; 95% CI: 2.01−18.47, p < .001), GG/CT/AA/GG (OR=

5.33; 95% CI: 1.15−24.79, p = .023), GG/CT/CC/GG (OR= 6.67; 95%

TABLE 6 Disease severity and prognosis in different genotypes of the studied cases, parameters described as mean ± SD, number
(percentage%)

Parameter
evaluated

Case genotypes (TNFA)
rs361525 G>A

Test of
significance

Within‐group
significant

Case genotypes (IL1RN)
rs419598 T>C

Test of
significance

Within‐group
significant

GG GA AA TT TC CC
N = 90 N = 141 N = 86 N = 145 N = 134 N = 38

Severity of disease

Severe 49 (54.4) 95 (67.4) 59 (68.6) χ2: 5.05 P1: 0.033* 86 (59.3) 92 (68.7) 25 (65.8) χ2: 2.69 P1: 0.067

Nonsevere 41 (45.6) 46 (32.6) 27 (31.4) p: .08 P2: 0.483 59 (40.7) 42 (31.3) 13 (34.2) p: .259 P2: 0.440

P3: 0.038* P3: 0.296

Survival

Survived 82 (91.1) 131 (92.9) 78 (90.7) χ2: 0.42 P1: 0.398 132 (91.0) 123 (91.8) 36 (94.7) χ2: 0.548 P1: 0.496

Deceased 8 (8.9) 10 (7.1) 8 (9.3) p: .808 P2: 0.360 13 (9.0) 11 (8.2) 2 (5.3) p: .760 P2: 0.420

P3: 0.565 P3: 0.361

Parameter
evaluated

Case genotypes (IL6R)
rs2228145 A>C

Test of
significance

Within‐group
significant

Case genotypes (IL6)
rs2069827 G>T

Test of
significance

Within‐group
significant

AA AC CC GG GT TT
N= 66 N= 155 N= 96 N= 143 N= 136 N= 38

Severity of disease

Severe 40 (60.6) 102 (65.8) 61 (63.5) χ2: 0.558 P1: .0278 95 (66.4) 83 (61.0) 25 (65.8) χ2: 0.94 p1: 0.208

P2: 0.408 p2: 0.368

Nonsevere 26 (39.4) 53 (34.2) 35 (36.5) p: .756 P3: 0.414 48 (33.6) 53 (39.0) 13 (34.2) p: .625 p3: 0.542

Survival

Survived 63 (95.5) 139 (89.7) 89 (92.7) χ2: 2.20 P1: 0.125 128 (89.5) 128 (94.1) 35 (92.1) χ2: 1.97 P1: 0.118

P2: 0.283 P2: 0.445

Deceased 3 (4.5) 16 (10.3) 7 (7.3) p: .332 P3: 0.359 15 (10.5) 8 (5.9) 3 (7.9) p: .373 P3: 0.452

*p < .05 (bolded p values) was considered statistically significant. In TNFA, P1: difference between GG & GA, P2: difference between AA & GA, P3:

difference between GG & AA. In IL1RN, P1: difference between TT & TC, P2: difference between CC & TC, P3: difference between CC & TT. In IL6R, P1:
difference between AA & AC, P2: difference between CC & AC, P3: difference between AA & CC. In IL6, P1: difference between GG & GT, P2: difference
between TT & GT, P3: difference between GG & TT.
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CI: 1.14−39.10, p = .021), GG/TT/CA/GT (OR = 5.33; 95% CI:

1.95−14.62, p< .001), GG/TT/CC/GT (OR = 12.00; 95% CI:

2.26−63.72, p < .001) and GG/TT/CC/TT (OR = 4.00; 95% CI:

0.96−16.69, p= .048) combinations statistically increased COVID‐19

susceptibility.

5 | DISCUSSION

A sizeable body of evidence backs the genetically determined cytokine

response in humans as hosts. There are consistent and reproducible

disparities in cytokine production in healthy individuals due to their

close link with genetic variations in the encoding genes. Although SNPs

are abundant in genes encoding cytokines as well as in patients with

COVID‐19, the cost and time of scrutinizing the potential connection

between SNPs and diseases in laboratories are prohibitive. Therefore, a

thorough investigation of the precise function of human immunogenetic

factors in inducing various vulnerabilities to viral infection and various

clinical manifestations caused by SARS‐CoV‐2, in particular, is an

ambitious project the human genetics community should undertake

(Casanova et al., 2020; Mehrian‐Shai et al., 2020). So, most cytokines

genes, such as IL6, IL6R, IL1RN, and TNFA in humans, are polymorphic,

potentially affecting cytokine expression. SNPs were likely associated

with the genetic susceptibility of COVID‐19, which needs a human

immunogenetics initiative for fighting the SARS‐CoV‐2 pandemic (Rokni

& Ahmadikia et al., 2020).

The present study is a case‐control report on the inflammatory

cytokines' polymorphism and clinical/para‐clinical features of 317

TABLE 7 Interaction analysis of the studied SNPs on COVID‐19 risk, number (percentage%)

rs361525 G>A rs419598 T>C rs2228145 A>C rs2069827 G>T COVID‐19 Control
(TNFA) (IL1RN) (IL6R) (IL6) N (%) N (%) OR (95% CI) p value

AA CT CC GG 12 (3.8) 32 (10.1) 1 [Reference]

GG TT CC GG 5 (1.6) 11 (3.5) 1.21 (0.35−4.22) .762

AA CT CA GT 5 (1.7) 2 (0.7) 6.67 (1.14−39.10) .021*

AA CT CC GT 6 (2.1) 2 (0.7) 8.00 (1.41−45.23) <.009*

AA TT CA GG 2 (0.6) 7 (2.2) 0.76 (0.14−4.19) .754

AA TT CA GT 3 (1.0) 4 (14) 2.00 (0.39−10.28) .401

AA TT CC GG 3 (0.9) 5 (1.6) 1.60 (0.33−7.75) .557

AA TT CC GT 3 (0.9) 4 (1.3) 2.00 (0.39−10.28) .401

AG CT AA GG 3 (0.9) 7 (2.2) 1.14 (0.25−5.15) .862

AG CT CC GG 11 (3.5) 8 (2.5) 3.67 (1.19−11.31) .021*

AG TT AA GG 7 (2.2) 10 (3.2) 1.87 (0.58‐6.02) .293

AG TT CA GG 26 (8.2) 16 (5.0) 4.33 (1.74−10.76) <.001*

AG TT CC GG 16 (5.0) 7 (2.2) 6.09 (2.01−18.47) <.001*

AG TT CC GT 8 (2.50 12 (3.8) 1.78 (0.58−5.41) .309

GG CT AA GG 6 (1.9) 3 (0.9) 5.33 (1.15−24.79) .023*

GG CT AA GT 2 (0.6) 4 (1.3) 1.33 (0.22−8.25) .756

GG CT CA GG 4 (1.3) 3 (0.9) 3.56 (0.69−18.28) .114

GG CT CA GT 3 (0.9) 6 (1.9) 1.33 (0.29−6.20) .713

GG CT CC GG 5 (1.6) 2 (0.6) 6.67 (1.14−39.10) .021*

GG CT CC GT 5 (1.6) 7 (2.2) 1.90 (0.51−7.17) .336

GG TT AA GG 3 (0.9) 7 (2.2) 1.14 (0.25−5.15) .862

GG TT CA GG 8 (2.5) 11 (3.5) 1.94 (0.63−5.98) .246

GG TT CA GT 20 (6.3) 10 (3.2) 5.33 (1.95−14.62) <.001*

GG TT CC GT 9 (2.8) 2 (0.6) 12.00 (2.26−63.72) <.001*

GG TT CC TT 6 (1.9) 4 (1.3) 4.00 (0.96−16.69) .048*

Note: Genotype frequencies less than 0.01 were excluded.

Abbreviations: CI, confidence interval; COVID‐19, coronavirus 2019; OR, odds ratio.

*p < .05 (bolded p values) was considered statistically significant.
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COVID‐19 patients and 317 unaffected controls referred to our

central lab/hospital over 8 months. We observed no difference

between the cases and unaffected control groups regarding the

demographic characteristics (age and gender), demonstrating that the

two groups are cross‐matched. Moreover, there was a significant

difference between the cases and unaffected control groups in terms

of the clinical, paraclinical, and inflammatory indications character-

istics (Table 2). Noticeable inflammatory responses co‐occur with a

drop in the absolute count of lymphocytes in the peripheral blood

circulation. Conversely, a host of studies documented a surge in the

number of neutrophils, a phenomenon known as a distinct

characteristic among COVID‐19 cases (Liu et al., 2020). Recently,

Rokni et al. demonstrated that NLR and PLR could be considered

valuable prognostic factors in multiple disorders such as sepsis,

pneumonia, acute respiratory distress syndrome (ARDS), and severe

COVID‐19; yet, the SII indicator is a prognostic index in the follow‐up

of COVID‐19 patients (Rokni & Ghasemi et al., 2020). Our study

indicated similar findings. Between studied variations, some studies

have been previously associated with COVID‐19 risk. Table 8

summarizes the previous studies on the association between the

IL6R and TNF polymorphism with COVID‐19.

After genotyping in the current research, a statistically

significant difference between the case and unaffected control

groups was indicated concerning the genotype distribution in

anti‐inflammatory (IL‐1RA) and proinflammatory (IL‐6R, IL‐6, and

TNF‐α) cytokines. This shows that participants carrying the

A allele (AA and GA) in TNFA‐rs361525 G>A (p < .004), the C

allele (CC and TC) in IL1RN‐rs419598 T>C (p < .004), the A allele

(AA and AC) in IL6R‐rs2228145 A>C (p = .047) are more

susceptible to develop COVID‐19 and the G allele (GG and GT)

in IL6‐rs2069827 G>T (p = .01) are powerful protection against

the patients with COVID‐19.

Ahmed Saleh et al. indicated that the A allele is high expressed in

case versus unaffected control groups in the TNF‐Α; G‐308‐

polymorphism with p < .005 (Saleh et al., 2020). Heidari Nia et al.

(2021) demonstrated the association between TNFA/TNFB polymor-

phisms and COVID‐19 disease. These findings are confirmed in

patients with various genotype expressions in the inflammatory

disease such as inflammatory bowel disease (IBD) and suffering from

COVID‐19 who benefited from anti‐TNF‐α therapies that ultimately

showed impressive recovery as against those on alternative therapies

(Brenner et al., 2020). Quite identically, the application of anti‐TNF‐α

therapies to patients with a rheumatic disease (such as RA

[rheumatoid arthritis] and SSc [systemic sclerosis]) resulted in

diminished hospital admission rates for COVID‐19 (Gianfrancesco

et al., 2020).

There exists a strong likelihood that organ damage and ARDS in

patients with COVID‐19 can be mitigated by TNF‐α blockade,

including adalimumab since it is employed as a therapeutic approach

to alleviate over 10 different proinflammatory diseases (Feldmann

et al., 2020). The host defense can be fortified against a broad

spectrum of pathogenic microbes by the instrumental role of TNF‐α

as a critical mediator of the inflammatory response. However, the

speed of disease recovery can diminish as a result of the over-

expression of this cytokine. The gene regulation, mainly occurring in

the promoter or other region of this gene, can be complicated due to

the dual role TNF‐α plays as an agent of innate immunity and

inflammatory pathology (Wang et al., 2008). Different individuals

depict substantially varying capacities for producing cytokines, which

is determined by genetics and various genotype expression

(Juszczynski et al., 2002).

Our study indicated that the AC genotype of IL6R (rs2228145,

A>C) correlated with lymphocytopenia level. Interestingly, Zulvikar

et al. observed that IL6‐174‐G/C polymorphism was significantly

TABLE 8 Previous studies for the association between the IL6R and TNF polymorphism with COVID‐19

Gene SNP Results References

IL6R rs2228145 The prevalence of the A and C alleles were 0.673 and 0.327,

respectively.

Strafella et al. (2020)

IL6R rs2228145 The frequency of AC genotype was higher in populations of
Japan, Spain, Mexico, Brazil, Russia, Poland, Italy, and the

Netherland, while the AA genotype was more frequent in
from Indian, Swedish and South Africa populations. The CC
genotype was only observed in the UK population.

Karcioglu Batur and Hekim (2021)

IL6R rs2228145 The rs2228145 polymorphism elevated serum sIL‐6R
concentrations in subjects with heterozygous or

homozygous genotypes.

Garbers et al. (2018)

IL6R rs2228145 Frequency of the CC genotype was higher compared with the

AC and AA genotypes in a population.

Smieszek et al. (2021)

TNFA rs1800629 The AA genotype of TNFA is related with a high aggressive
pattern of the disease.

Saleh et al. (2020)

TNFA/

TNFB

rs1800629
rs909253

The association between TNFA/TNFB polymorphisms and
COVID‐19 disease.

Heidari Nia et al. (2021)

Abbreviation: SNP, single‐nucleotide polymorphism.
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correlated to the severity of pneumonia (C vs. G), particularly in the

Caucasian society (CC +GC vs. GG and CC vs. GG) (Ulhaq & Soraya,

2020a, 2020b). Feng et al. (2015) demonstrated that carriers of the IL6‐

174G/C had a 2.5‐fold higher risk of developing severe pneumonia

with a degree of lymphopenia. In fact, the CC genotype has been

associated with significantly enhanced IL‐6 levels. On the other hand,

many studies concerning the IL6R gene results show that carriers of

rs12083537AA genotype and CC genotype for rs11265618 have a

better prognostic to immunotherapy (Perricone et al., 2020).

Having been adapted to the demographic features and comor-

bidities, IL‐6 was shown to be the most potent prognostic marker of

survival, overshadowing or outperforming CRP, D‐dimer, ferritin, and

NLR (Khosroshahi et al., 2021). Although elevated rates of IL‐6 and

the critical state of the disease necessitate urgent mechanical

ventilation, the administration of tocilizumab (Or siltuximab and/or

sarilumab are humanized monoclonal antibodies) to COVID‐19‐

associated ARDS (CARDS) patients yielded promising outcomes as

the preliminary data reported (Rojas‐Marte et al., 2020). Thus, the

prospective responders to tocilizumab (TCZ or Actemra) during the

COVID‐19 pandemic can be detected based on specific genetic

markers such as several SNPs to prognosticate the response.

Regarding the IL6R gene, TCZ is deemed an efficacious treatment

considering the responses yielded by several genotypes and SNP

(Tong et al., 2010; Ulhaq & Soraya, 2020a, 2020b). Interestingly, the

remarkable recovery of acute COVID‐19‐infected patients was

substantiated by the results of multiple studies when treatments

targeted anti‐IL‐6R antibodies and were characterized by the

suppression of CRP and alleviation of clinical symptoms and

lymphopenia degree. This can be achieved by inhibiting TCZ and

suppressing inflammatory responses due to transcriptional induction

of the CRP gene during SARS‐CoV‐2 infection (Luo et al., 2020;

Sargazi et al., 2021). Owing to the invaluable data obtained from lung

and viral diseases regarding the immunogenetic impact of IL6

polymorphisms, IL6 and/or IL6R polymorphism can be the focal

points of investigating the potential therapeutic responses against

COVID‐19 in infected human populations to launch a population‐

based therapeutic approach similar to personal medicine discovery

(Del Valle et al., 2020).

Mamoor et al. indicated that more than 1.5‐fold enhanced IL‐6

upregulation and moreover, less than 1.5‐fold increase in IL1RN

expression in the lungs of mice infected with SARS coronavirus family

to the lungs of control‐infected mice. As a result, they stated that

modulation of IL6 and/or IL1RN upregulation might display a

therapeutic strategy in SARS coronavirus disease mainly and

specifically in COVID‐19 infection (Mamoor, 2020). On the other

hand, some studies show that the IL1RN SNP (like rs4251961) plays a

prominent role in the pathophysiology of human infectious diseases

(Carrol et al., 2011). Our results also demonstrated similar results

findings. As a recombinant form of human IL‐1RA, anakinra impedes

the function of the proinflammatory cytokine IL‐1 and is adminis-

tered as a treatment for proinflammatory disorders mainly owing not

only to its satisfactory safety records in patients suffering from hyper

inflammation and pneumonia (such as COVID‐19) but also its short

half‐life which leads to prompt discontinuation (Nemchand et al.,

2020; Shakoory et al., 2013). A consistent plunge in the severity of

inflammatory diseases, spanning from RA and COVID‐19 to inherited

autoinflammatory syndromes such as cryopyrin‐associated syn-

dromes (CAPS), can be achieved by obstructing IL‐1 activity, which

is a highly active proinflammatory cytokine, via mono‐therapy (Tarp

et al., 2016).

To further know the diverse presentations and progression of

COVID‐19 disease, we compared the various genotypes as regards

the disorder severity and poor prognosis; we found that the AA

genotype in TNF‐Α (rs361525, G>A) is related to a more aggressive

illness and poor prognostic in contrast to the other inflammatory

cytokines genotypes. Similarly, one study demonstrated that the AA

genotype of TNF‐Α is the more invasive disease pattern (Saleh

et al., 2020).

We also noticed that the levels of neutrophil, leucocyte/WBC,

platelet, lymphocyte count, SpO2, and inflammatory indexes such as

NLR and SII (increased, p < .001) were significantly different in

deceased patients when compared to survived patients (Table 3). This

suggests multiple organ dysfunction syndromes (MODS) due to

hyperinflammation in our deceased patients, as observed in previous

studies (Rokni, Ghasemi, et al., 2020). In addition, the upregulation of

neutrophil‐endothelial cell adhesion molecules and chemokines is

modulated by proinflammatory cytokines and their receptors, for

example, TNF‐α and IL‐6R, which triggers the accumulation of

leukocytes at the site of infection (Zahr et al., 2016).

So, diminishing the COVID‐19 mortality rate has been possible

via deploying some promising approaches such as immune‐

modulatory therapies, targeting CS, and identifying polymorphisms

in genes encoding cytokines in elderly patients (Panigrahy et al.,

2020; Khosroshahi & Rezaei, 2019).

Our study had limitations. First of all, the frequency of the

studied SNPs was not entirely consistent throughout the different

populations in the world. This might be due to ethnic variations as

well as limited sample size. Second, we did not assess the cytokine

levels in the patients. Replicated studies on other ethnicities with

larger sample sizes are needed to confirm these findings. Moreover,

performing SNP‐SNP interaction analysis to determine the combined

effect of SNPs on cytokine levels and COVID‐19 risk is highly

encouraged.

6 | CONCLUSION

This study demonstrated that the A allele in TNFA, the C allele in

IL1RN, the A allele in IL6R, and the G allele in IL6 are more prone

to the disease. The AA genotype in TNF‐α and AC genotype of

IL6R are related to a more invasive type of the disease. We

advised considering cytokines polymorphism as the main item to

realize the therapeutic response against the ARDS induced by

SARS‐CoV‐2 infection in human populations to obtain a

population‐based therapeutic development as in personalized

medicine.
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