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Abstract

Coronavirus disease-2019 (COVID-19) is pro-inflammatory disorder characterized

by acute respiratory distress syndrome. Interleukin-6, a cytokine secreted by

macrophages, which mediates an inflammatory response, is frequently increased and

associated with the severity in COVID-19 patients. The differential expression of

IL6 cytokine in COVID-19 patients may be associated with the presence of single

nucleotide polymorphisms (SNPs) in regulatory region of cytokine genes. The aim of

this study is to investigate the role of two promoter polymorphisms of the IL6 gene

(–597G > A and –174G > C) with the severity of COVID-19. The study included 242

patients, out of which 97 patients with severe symptoms and 145 patients with mild

symptoms of COVID-19. Genotyping of two selected SNPs, rs1800795 (–174G > C)

and rs1800797 (–597G > A) of promoter region of IL6 gene, was performed by poly-

merase chain reaction-restriction fragment length polymorphism (PCR-RFLP). In our

study, individuals withGC genotypes of IL6 (–174G>C) polymorphism showed signifi-

cantly higher risk of severity [adjusted odds (OR) 3.86, p<.001] but we did not observe

any association of COVID-19 severity with rs1800797 (–597G > A) polymorphism.

The COVID-19 severity was significantly higher in individuals having ‘C’ allele of IL6

(–174G > C) polymorphism (p = .014). Linkage disequilibrium between rs1800795 (–

174G>C) and rs1800797 (–597G>A) showed that individuals having AC* haplotype

significantly associationwithCOVID-19 severity (p= .034).Our results suggest that ‘C’

allele of rs1800795 (–174G>C) polymorphismof IL6maybe the risk allele for severity

of COVID-19 in North Indian population.
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1 INTRODUCTION

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) was

first time reported in Wuhan, China at the end of 2019 which is

considered as a severe threat to global public health and the main

cause of the ongoing coronavirus disease 2019 (COVID-19) pandemic

(Wu et al., 2020; Zhou et al., 2020). While many COVID-19 patients

suffer mild-to-moderate illness or remain asymptomatic, more than

20% of SARS-CoV-2 infections result in acute lung injury (ALI) and

severe acute respiratory distress syndrome (ARDS), which can cause

severe pneumonia, alveolar injury, and, in the most serious instances,

even death (Falahi et al., 2022). The common symptoms of COVID-

19 include fever, headache, shortness of breath, dry cough, sputum

production, sore throat, fatigue, myalgia, haemoptysis and diarrhoea

(Gong et al., 2022). COVID-19 infection is associatedwith overproduc-

tion pro-inflammatory cytokines (also known as cytokine storms) such
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Key points

∙ COVID-19 severity is associated with elevated level of

pro-inflammatory cytokines such as IL6 and differen-

tial IL6 cytokine production may be associated with the

presence of single nucleotide polymorphisms (SNPs) in

regulatory region of cytokine genes.

∙ In this study, we observed that ‘C’ allele of IL6 −174G > C

polymorphism of may be the risk allele for severity of

COVID-19.

∙ This study provides the predictive biomarker thatwill help

the clinician to identify early diagnosis of the severity of

the patients.

as interleukins-6 (IL6), IL1β, IL4, IL10, IL18, interferon (IFN)γ, tumour

necrosis factor alpha (TNFα) (Costela et al., 2020; Roshanravan et al.,

2020). The cytokine storm is main factor for severe clinical complica-

tions in COVID-19 patients and is the main reason of death (Bhaskar

et al., 2020).

IL6, a key inflammatory cytokine, is secreted by a fraction of

immune and non-immune cells in lung tissue, such as resident alveolar

macrophages, T lymphocytes, alveolar type II epithelial cells (ECs) and

lung fibroblasts (Zhang et al., 2020). IL6 plays a crucial role to induce

lymphocytic apoptosis that leads to the development of lymphopaenia

in COVID-19 patients (Abbasifard & Khorramdelazad, 2020; Tan et al.,

2020). The high level of IL6 significantly downregulates the expres-

sion of human leukocyte D antigen (HLA-DR) that substantially impair

lymphocyte function, along with the depletion of CD4+ lymphocytes,

CD19+ lymphocytes andnatural killer (NK) cells. In addition, IL6 is con-

sidered to have an impact in the severity of COVID-19 patients, which

is significantly associated with adverse clinical outcomes (Chen et al.,

2020; Gong et al., 2020; Liu et al., 2021).

IL6 gene encodes 21 KDa IL6 glycoprotein in human that harbour

many single-nucleotide polymorphisms (SNPs) in the coding and non-

coding regions (Jia et al., 2015). The presence of SNPs in the regulatory

regions, such as promoters, introns and the5′- and3′-UTR regions,may

account for the differences in cytokine production between individu-

als, whereas genetic polymorphisms in gene-coding regions may result

in the loss or alteration of function in the expressed proteins (Haukim

et al., 2002). Several epidemiological studies have been reported that

the genetic polymorphisms at rs1800795 (−174G > C), rs1800796

(−572G>C) and rs1800797 (−597G>A) of the IL6 gene promoter are

associated with the risk and severity of many diseases, such as pneu-

monia, asthma, chronic obstructive pulmonary disease (COPD) (Chen

et al., 2015; He et al., 2009; Jimenez-Sousa et al., 2017; Kirtipal et al.,

2020). Thus, this study was undertaken to evaluate the possible cor-

relation between genetic polymorphism at rs1800795 (−174G > C),

and rs1800797 (−597G > A) of IL6 gene promoter and the severity of

susceptibility to COVID-19 in North Indian population.

2 MATERIALS AND METHODS

2.1 Sample collection and experimental design

This study was approved by the Ethics Committee of Era University,

India (ELMC&H/R_Cell/EC/2020/272) and all study’s procedures in

this investigation involving humans’ patients were carried out accord-

ing to the ethical guidelines of Era University, India. A total of 242

RT-PCR confirmed COVID-19 patients with age more than 20 years,

having fever and respiratory symptoms were recruited from Era’s

Lucknow Medical College and Hospital (ELMC&H) of Era University,

Lucknow. Pregnant lady and patients with known malignant disease

were excluded.

All clinical and demographic data such as age, sex, hypertension and

diabetes mellitus were collected from hospital records under super-

vision of expert clinician. All patients involved in this study were

categorized into mild (145 patients) and severe (97 patients) group

(Table 1), as per the guidelines of the Indian Council of Medical

Research (ICMR) (Abbas et al., 2021; Verma et al., 2021). Patients with

respiratory rate less than 24 per minute and SpO2 > 94% on room air

were considered as mild patient while patients with respiratory rate

more than 30 per minute OR SpO2 < 90% on room air with pneumonia

were categorized into severe patients. After an informed consent form

from patients, 5 ml of venous blood were obtained in ethylene diamine

tetraacetic acid (EDTA) vials from all subjects and stored in −20◦C for

further use.

2.2 DNA isolation and genotyping

The genomic DNA was isolated from venous blood, using a commer-

cially available kit (NucleoSpin Blood, DNA Mini kit, Macherey-Nagel,

Germany). The quality and quantity of DNAwas assessed byNanodrop

(ThermoFisher, USA) and 1%agarose gel electrophoresis, respectively.

TABLE 1 Association of COVID-19 severity with demographic
and clinical parameters

Variables Mild (n, %) Severe pValue

Age

<45 73 (50.3) 12 (12.4) <.001

≥ 45 72 (49.7) 85 (87.6)

Sex

Male 94 (64.8) 66 (68.0) .605

Female 51 (35.2) 31 (32.0)

Diabetes

Non-diabetic 133 (91.7) 66 (68) <.001

Diabetic 12 (8.3) 31 (32)

Hypertension

Non-hypertensive 138 (95.2) 79 (81.4) <.001

Hypertensive 7 (4.8) 18 (18.6)

http://rs1800795/
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F IGURE 1 Ethidium bromide stained agarose gels showing
different genotypes of IL6 gene. (a) SNP (G>A) showing AA: 527 bp,
AG: 527 and 461 bp, GG: 461 bp,M1-50 bp. (b) SNP (G>C) showing
GG: 231 bp, GC: 135/131 bp,M2-100 bp

The ratio of absorbance at 260 nm and 280 nm (A260/A280) with a

range of 1.7−2.0 was used to determine the acceptability criteria for

DNA quality/purity.

The genetic polymorphism at rs1800795 (−174G > C), and

rs1800797 (−597G>A) of IL6 gene promoter were examined by using

polymerase chain reaction-restriction fragment length polymorphism

(PCR-RFLP). Using gradient master cycler (Bio-Rad, USA), PCR ampli-

fication was carried out in a 25 µl reaction mixture with genomic DNA

(150–200 ng), 10 pmol of each primer and 1×master mix (Takara Bio,

Japan). A set of the primers, F5’-GGAGTCACACACTCCACCT-

3′, R5’-CTGATTGGAAACCTTATTAAG-3′ for rs1800797

and F-5′-CTCTTTGTCA AGACATGCCA-3′, R-5′
GGGAAAATCCCACATTTGATAA-3′ for rs1800795 (Saxena et al.,

2020) were used in PCR reaction mixture, with following conditions:

initial denaturation at 95◦C for 5 min, followed by 35 cycles of denat-

uration at 95◦C for 45 s, annealing at 60◦C for 1.15 min, extension at

72◦C for 2.30 min and final extension at 72◦C for 10 min. The PCR

products were examined on a 2% agarose gel stained with ethidium

bromide (EtBr), using a gel documentation system (Bio-Rad, USA).

PCR products were digested with 10 units of restriction enzymes

directly for RFLP. To detect rs1800795 (−174G > C) polymorphism,

5 µl of PCRproductswas digestedwith 1 µl ofNlaIII restriction enzyme

(10 U/µl) in 1 µl of 10× buffer [a restriction endonuclease buffer pro-

duced by New England Biolabs USA, containing 100 mM of Tris-HCI

(pH 7.5), 100 mM of MgCl2, and 10 mM dithiothreitol] and 3 µl of

ddH2O for 16 h at 37◦C. To detect rs1800797 (−597G > A) poly-

morphism, 5 µl of PCR products was digested with 1 µl of FokI (10

U/µl) in 1 µl of 10 × buffer and 3 µl of ddH2O for 16 h at 37◦C.

Digested productswere electrophoresed on2.5%agarose gels, stained

with ethidium bromide, and photographed using a gel documentation

system (Bio-Rad, USA) (Figure 1a and b).

2.3 Statistical analysis

Continuous variables were summarized as mean ± SE and compared

using the Student’s t-test. Clinical and demographic data were com-

pared by using chi-square (χ2) analysis and Fisher’s exact test. Fisher’s
exact test was used to compare allele and genotype frequencies in

mild and severe COVID-19 cases using a 2 × 2 contingency table

and the respective p values adjusted by using the Bonferroni correc-

tion (p < .025). In addition, Hardy Weinberg equilibrium (HWE) for

rs1800795 (−174G > C) and rs1800797 (−597G > A) polymorphisms

in the severe and mild COVID-19 groups was accessed by the χ2 test.

The strength of the association was determined using the odds ratio

(OR) at a 95% confidence interval (CI). All p values were considered

statistically significant if p< .05. Most of the analyses were performed

by SPSS (Version 21.0). Haplotype association of the two SNPs (single

nucleotide polymorphisms) was carried out by using SHEsis software

(online version).

3 RESULTS

3.1 Demographic and clinical characteristics
of patients

Among 242 COVID-19 patients, 97 were severe (31 women, 66 men)

with a mean age of 58.26 ± 11.54 years and 145 were mild COVID-

19 (51 women, 94 men) with a mean age of 46.01 ± 15.43 years were

studied.We found a significant difference between the severe andmild

COVID-19 patients based on age (p< .001). SevereCOVID-19 patients

were older than mild COVID-19 patients. We did not find any asso-

ciation between sex and COVID-19 severity (p = .605). However, we

observed that patients having anyother comorbidities such as diabetes

andhypertension, showed significantly higher risk of severity (p< .001)

(Table 1). [Correction added on 19 November 2022, after first online

publication: the probability values have been changed from p < .0001

to p<.001 throughout the text.]

3.2 Genetic analysis

The genotypic pattern at rs1800795 (−174G > C) and rs1800797

(−597G > A) of IL6 gene promoter are showed in Figure 1a and b.

Genotypes and allele frequencies among mild and severe patients are

shown in Table 2. We did not find homozygous recessive genotypes

(CC) of rs1800795 (−174 G > C) polymorphism in our study pop-

ulation (Table 2). The GC genotype frequency was higher in severe

patients as compared to mild and showed significant higher risk of

COVID-19 severity (2.26-folds, p = .009). The risk of severity showed

further increased when the data were adjusted for age, gender, hyper-

tension, and diabetes (3.86-folds, p < .001). The ‘C’ allele frequency of

rs1800795 (−174G > C) polymorphism was higher in severe patients

as compared to mild patients and statistically significant (p = .014)

(Table 2). In case of rs1800797 (−597G > A) polymorphism, the fre-

quency of ‘G’ alleles of rs1800797 (−597G>A) polymorphism is higher
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TABLE 2 Genotypic and allelic frequencies of IL6-597(G>A) and IL6-174(G>C) gene polymorphisms inmild (n= 145) and COVID-19 severe
cases (n= 97)

Genotypes/alleles

145 (60.0) 97 (40.0)

Mild (n, %)
UnadjustedOR

(95%CI) pValue

Severe (n, %)
Adjustedb OR

(95%CI) pValue

IL6−174G>C

GG 120 (82.8) 66 (68) 1.0 (Ref.) 1.0 (Ref.)

GC 25 (17.2) 31 (32.0) 2.26 (1.22–4.13) .009 3.86 (1.81–8.24) <.001

CC — — — — —

Ga 265 (91.3) 163 (84.0) 1.0 (Ref.)

Ca 25 (8.7) 31 (16.0) 2.02 (1.149–3.536) .014

HWE 0.524 0.173

IL6−597G>A

AA 84 (57.9) 61 (62.9) 1.0 (Ref.) 1.0 (Ref.)

AG 59 (40.7) 34 (35.1) 0.79 (0.465–1.356) .397 0.86 (0.47–1.57) .626

GG 2 (1.4) 2 (2.0) 1.37 (0.189–10.04) .752 1.17 (0.11–11.99) .889

AG/GG 61 (42.1) 36 (37.1) 0.81 (0.479–1.37) .441 0.87 (0.48–1.57) .651

Aa 227 (78.2) 156 (81.2) 1.0 (Ref.)

Ga 63 (21.8) 36 (18.8) 0.81 (0.47–1.37) .441

HWE 0.060 0.540

p< .025 (0.05/2) was significant after Bonferroni’s correction.
aAllele.
bAdjusted for age, gender, diabetes and hypertension.

CI= confidence interval; OR= odds ratio; HWE=HardyWeinberg equilibrium.

in mild cases (21.8%) as compared to severe cases (18.8%) but did not

find any significant association (p= .441) (Table 2).

Haplotype analysis of two loci of IL6 gene polymorphisms

(rs1800795 and rs1800797) was performed and the linkage dise-

quilibrium between the above two loci are shown in Figure 2 (D: 0.66;

R2: 0.22). The degree of LD among the two SNPswas relatively moder-

ate. The frequency of AC* haplotype was higher in severe patients as

compared to mild patients and showed significantly 2.83-fold higher

risk of severity (p= .034) (Figure 2) but the frequency ofGG* haplotype

was higher in mild patients as compared to severe patients. So, GG*

haplotype showed a significant protection against severity of COVID-

19 (p = .0393). In addition, the genotypic frequencies at rs1800795

(−174G > C) of IL6 polymorphism among mild and severe cases

were not deviated from the Hardy–Weinberg equilibrium [Pearson’s

χ2 = 1.290, p = .524 (mild); Pearson’s χ2 = 3.508, p = .173 (severe)].

Similarly, the genotypic frequencies at rs1800797 (−597G > A) of

IL6 polymorphism was not deviated from the Hardy–Weinberg equi-

librium [Pearson’s χ2 = 5.594, p = .060 (mild); Pearson’s χ2 = 1.231,

p= .540 (severe)].

4 DISCUSSION

Genetic variations determine the divergent susceptibility to infectious

illnesses in different individuals. Several studies have demonstrated

that IL6 polymorphisms were associated to the consequence of viral

infections through influencing IL6 protein synthesis (Velazquez-Salinas

et al., 2019; Cussigh et al., 2011). SARS-CoV-2 viral infection causes

COVID-19 that reflects a variety of severity levels in different indi-

viduals such as asymptomatic, moderate, severe and life-threatening

lower respiratory tract infections, including the development of ALI

and ARDS (Gralinski & Baric, 2015). According to several studies,

increased serum IL6 levels are a key characteristic of severe COVID-

19 and serve as a biomarker for predicting the disease’s severity (Liu

et al., 2020; Zhu et al., 2020). These clinical data support the hypoth-

esis that that IL6 genotyping determine the degree of susceptibility

to SARS-CoV-2 infection and severity of COVID-19 disease in differ-

ent individuals. Thus, the present study revealed a novel association

of between genetic polymorphism at rs1800795 (−174G > C), and

rs1800797 (−597G > A) of IL6 gene promoter and the severity of

susceptibility to COVID-19 in North Indian population.

In our study, the haplotype analysis of these two polymorphisms

(−597G > A and −174G > C) of IL6 gene suggested that individuals

with AC* haplotype showed ∼2-fold higher risk of COVID-19 severity

(p= .034) but theGG*haplotypeprotected thepatients fromthe sever-

ity (p= .039). Further, our study revealed thatC allele andGCgenotype

of −174G > C (rs1800795) polymorphism of IL6 gene was higher in

severe patients as compared tomild patients ofCOVID-19 and showed

significantly higher risk of severity (p = .009; .014 respectively). Addi-

tionally, a Chinese study reported that the CC genotype of−174G>C

(rs1800795) polymorphism showed higher risk pneumonia-induced

sepsis (Mao et al., 2017; Yeh et al., 2010). A meta-analysis also showed

that the C allele of the−174G>C (rs1800795) polymorphism is linked

to higher IL6 production andmore severe pneumonia (Ulhaq & Soraya,
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F IGURE 2 Haplotype analysis of SNPs, namely, of IL6−597G>A (rs1800797) and IL6−174G>C (rs1800795) for association with
COVID-19 cases. Linkage disequilibrium (LD) in subjects is represented as pink square for LD (SHEsis Software, ver.21Online)

2020). In contrast, Falahi et al., showed that the frequency of G allele

and GG genotype of −174G > C (rs1800795) polymorphism is higher

in mild patients as compared to severe (Falahi et al., 2022). Velez et al.

(2008) found that the IL6 polymorphism at three regions (rs1800797,

rs1800796 and rs1800795)was significantly associatedwith IL6 amni-

otic fluid concentration in preterm birth candidates. A recent study in

Iranian population has demonstrated −597G > A (rs1800797) poly-

morphism but they did not find any association with the severity of

COVID-19 (Falahi et al., 2022). Our result also supported to this study,

we did not found association of −597G > A (rs1800797) and severity

of COVID-19 (p> .05).

Epidemiological and polymorphism studies observed differential

severity among the patients of several lung diseases such as asthma,

chronic obstructive pulmonary disease (COPD) etc. (Jin &Wang, 2003;

Kirtipal et, al., 2020). Genetic polymorphisms in promoter region of

IL6 gene are associated with the risk of pneumonia (Chen et al., 2015;

Martinez et al., 2013; Solé-Violán et al., 2010). Two most common

genetic polymorphisms in promoter region of IL6 gene are −597G > A

(rs1800797) and −174G > C (rs1800795), that affects the secretion

of IL6 cytokine in patients. SARS-CoV-2 infection triggers inflamma-

tory response that results in the huge discharge of pro-inflammatory

cytokines and that causes cytokine storm. Several studies analysed the

cytokine profiles of COVID-19 patients and found that the cytokine

storm is linked to a poor prognosis in severe COVID-19 cases (Ragab

et al., 2020). Innate and adaptive immunity is activated by viral infec-

tions and this infection leads to the production of several cytokines,

including IL6. IL6 is a pleotropic cytokine that involved in complex cel-

lular response such as proliferation, differentiation, survival and apop-

tosis (Scheller et al., 2011). It is produced frommany types of cells such

as fibroblasts, keratinocytes, macrophages, mast cells, monocytes, DCs

and T and B lymphocytes (Mauer et al., 2015; Tanaka et al., 2014). Dis-

turbance in Immune response and cytokine storm formation is due to

IL6 and other cytokines, this disturbance causes severe complications

and mortality in COVID-19 patients. Differential disease progression

and treatment response of infectious diseases is due to presence of

genetic variations. Polymorphisms of IL6 gene were related to the

prognosis of viral illness by disturbing IL6 protein synthesis (Chen.

et al., 2015) A study on IL6 knockout mouse model showed that IL6

is required for antiviral therapy and T- and B-cell responses against

influenza virus (Velazquez-Salinas et al., 2019). SNPs in the regula-

tory regions are the cause of variability in cytokine production among

individuals (Haukim et, al., 2002). In our study, we also observed that

severity ofCOVID-19 significantly higher in older cases as compared to

younger patients and the presence of other comorbid conditions such

as diabetes and hypertension also increased the severity of COVID-19

(p< .001).

The limited sample size (n = 242) of the current study, which

reduced its statistical power, is one of its main limitations. We

did also not include the healthy control individuals in our study

as Saxena et al. reported the frequency of recessive alleles, ‘G’ at

−597A > G and ‘C’ allele at −174G > C of IL6 polymorphisms,

were 12.86% and 20.35%, respectively in healthy control popu-

lation from North India. The frequency of GC* haplotype of IL6

polymorphisms was 4.6% in control group (Saxena et al., 2014).
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The association between IL6 genetic polymorphisms and disease

severity in North Indian COVID-19 patients has to be further

investigated with a bigger sample size in order to provide definitive

proof.

5 CONCLUSION

Combining data on the immunogenetic effects of IL6 genetic poly-

morphism previously reported in lung diseases and viral diseases, we

also recommended taking IL6 polymorphism into consideration as a

major factor to comprehend the degree of susceptibility to SARS-

CoV-2 viral infection and severity of COVID-19 illness in North Indian

population. Based on IL6 polymorphism, the treatment response to

COVID-19 in infectedhumanpopulations couldbe further investigated

to build a population based therapeutic approach for the development

of personalizedmedicine.
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