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Coronavirus disease 19 (COVID-19) is a highly contagious respiratory viral infection. Dysregulated immune
response is an important feature of disease, and cytokines are among the most important mediators of dysre-
gulated immunity. Interleukin-37 (IL-37) is one such cytokine and studies have indicated its role in pathogenesis
of COVID-19. However, IL37 gene polymorphisms have not been identified in patients with COVID-19. There-
fore, this case-control study (100 patients and 100 controls) was performed to understand the role six single
nucleotide polymorphisms of IL37 gene (SNPs: rs3811042, rs3811043, rs2466449, rs3811045, rs3811046 and
1s3811047) in susceptibility to COVID-19 among cases with severe disease. These polymorphisms were identified
by Sanger DNA sequencing. Results revealed that TG genotype of rs3811046 showed a significantly increased
frequency in patients compared to controls (61.0 vs. 38.0%; odds ratio [OR] = 2.55; 95% confidence interval
[CI] = 1.45-4.50; probability [p] = 0.002; corrected p [pc] = 0.01). GA genotype of rs3811047 also showed an
increased frequency in patients but the pc-value was not significant (39.0 vs. 24.0%; OR = 2.02; 95% CI =
1.10-3.71; p = 0.033; pc = 0.165). Haplotype analysis revealed a significantly increased frequency of the
haplotype G-C-A-T-T-A (in the order: rs3811042, rs3811043, rs2466449, rs3811045, rs3811046 and rs3811047)
in COVID-19 patients compared to controls (0.055 vs. 0.006; OR = 10.23; 95% CI = 1.53-68.14; p = 0.003; pc =
0.03). In conclusion, the study indicated that two variants of IL37 gene (rs3811046 and rs3811047) may be

associated with susceptibility to COVID-19 among Iraqi population.

1. Introduction

Coronavirus disease 19 (COVID-19) is a highly contagious respira-
tory viral infection caused by severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2). The first cases were reported in December 2019
in the Chinese city of Wuhan, and since then the disease has spread
rapidly to more than 200 countries with millions of infected cases and
deaths, forcing the World Health Organization (WHO) to declare
COVID-19 a global pandemic (Vannabouathong et al., 2020). Several
viral, environmental and host factors have been described as being
associated with an increased risk of disease. Advanced age, male gender,
diabetes, cardiovascular disease, and malignancy are among the most
important proposed host-related risk factors (Rashedi et al., 2020).
Further, humoral and cellular components of the innate and adaptive
immune systems can also be considered as additional risk factors and
dysregulated immune responses have been indicated in COVID-19 pa-
tients (Mohamed Khosroshahi and Rezaei, 2021). These include, but are

not limited to, cytokines, the ratio of neutrophils to lymphocytes and
lymphopenia (Darif et al., 2021; Imran et al., 2021).

Cytokines are perhaps the most important factors of immunity
because of their involvement in mediating and controlling immune re-
sponses in various infectious and inflammatory diseases (Lin and Leo-
nard, 2019). In COVID-19 patients, especially those with severe disease,
there has been accumulating evidence indicating a robust and uncon-
trolled systemic inflammatory response known as cytokine release
syndrome. High levels of pro-inflammatory cytokines and chemokines
have been reported in the serum of these patients and are associated
with respiratory inflammation and severe lung damage (Darif et al.,
2021). In addition, SARS-CoV-2 infection has been shown to promote
coagulopathy through the effects of pro-inflammatory cytokines and
other immune components. Accordingly, the term cytokine storm has
been introduced to describe the uncontrolled excessive production of
inflammatory markers in COVID-19 patients (Coperchini et al., 2020).

Interleukin (IL)-37 is one of the cytokines recently recognized to play
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a role in the pathogenesis of COVID-19 (Conti et al., 2020; Li et al.,
2021). It is a new member of the IL-1 cytokine family that is expressed
by many immune and non-immune cells including monocytes, natural
killer cells, stimulated B lymphocytes and epithelial cells (Quirk and
Agrawal, 2014). Functionally, IL-37 is an anti-inflammatory cytokine
that has inhibitory effects on inflammatory responses by affecting the
production of pro-inflammatory cytokines (Jia et al., 2018). Because of
this immune function, IL-37 has been indicated to play a key role in the
pathogenesis of a variety of inflammatory and autoimmune diseases,
and in fact, dysregulated expression of IL-37 has been reported under
these conditions (Ding et al., 2018; Wang et al., 2018). Besides, the anti-
viral, anti-bacterial and anti-fungal properties of IL-37 have also been
recognized (Allam et al., 2020). With respect to COVID-19, IL-37 plasma
levels have been significantly associated with the clinical prognosis of
disease, and it has been predicted that severe illness can occur due to the
lack of an IL-37-mediated response (Li et al., 2021). In addition, the
therapeutic potential of IL-37 in COVID-19 has recently been suggested
(Conti et al., 2020).

IL37 gene (Gene ID: 27178) is mapped to the long arm of human
chromosome 2 (2q14.1), spans 3.617 kb and consists of seven exons
(www.ncbi.nlm.nih.gov/gene/27178). The gene harbors many single
nucleotide polymorphisms (SNPs), and genetic association studies have
linked some of these SNPs with susceptibility to several autoimmune,
inflammatory and infectious diseases (for instance, Behcet disease,
systemic lupus erythematosus, periodontal inflammation, hepatitis viral
infection and tuberculosis)(Al-Anazi et al., 2019; Allam et al., 2016; Lin
et al., 2018; Offenbacher et al., 2018; Ozgﬁgli‘l etal., 2019). Of particular
interest is the exon SNP rs3811047, and some of these studies have
suggested a role for this variant in the risk of various human diseases.
Therefore, a pilot study was designed to sequence a DNA region of IL37
gene comprising SNP rs3811047 in patients with severe COVID-19, in
order to reveal the significance of this SNP and other SNPs in the region
in susceptibility to disease.

2. Materials and methods
2.1. Populations studied

A case-control study was conducted on 100 patients with severe
COVID-19 (mean + standard deviation: 56.2 + 13.9 years; 78.0% male)
and 100 healthy controls (35.0 + 9.8 years, 76% male) during October
1-November 15, 2020. Patients presenting with signs and symptoms of
COVID-19 were admitted to the COVID-19 care units in Baghdad, and
upon admission, nasopharyngeal swabs were obtained and tested for
SARS-CoV-2 RNA. Virus RNA was isolated using the ExtractNow Virus
RNA Swab kit (Minerva Biolabs GmbH), while the RealLine SARS-CoV-2
kit (Bioron Diagnostics GmbH) was used to detect SARS-CoV-2 RNA,
following the manufacturer's instructions. The diagnosis was confirmed
by computed tomography (CT) of the chest. Included patients were those
who gave written consent to participate in the study, and showed a
positive molecular test along with a CT profile indicating COVID-19.
Most of the admitted patients were in severe condition because mild
cases tended to leave the hospital; therefore, only severe COVID-19
patients were included. The severity of COVID-19 was determined ac-
cording to the WHO Interim Guidance (severe respiratory distress, res-
piratory rate > 30 breaths/min or pulse oxygen saturation (SpO3) < 93%
on resting state) (World Health Organization, 2020). Control subjects
were blood donors and health service personnel. They were healthy and
had no respiratory infections in the past 12 months or chronic diseases
(diabetes and cardiovascular). Besides, the serum C-reactive protein
(CRP) test was negative and the erythrocyte sedimentation rate (ESR)
was <20 mm/h. The protocol of study was approved by the Ethics
Committee at the Iraqi Ministry of Health and Environment.
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2.2. IL37 gene polymorphism

The complete DNA sequence and SNP data for IL37 gene were
downloaded (http://asia.ensembl.org). Forward (5’-GGGGGA-
GAACTCAGGAGTGA-3') and reverse (5'-GAAAGACTTCAGCCCCATCCA-
3") primers were designed to amplify a DNA region of IL37 gene
comprising SNP rs3811047 using Geneious software version 11.1.2
(Kearse et al., 2012). In-silico PCR analysis was applied to test the speci-
ficity of primers (https://genome.ucsc.edu/cgi-bin/hgPcr). The analysis
revealed that the target region had a molecular size of 971 bp (Chromo-
some 2:112913024 + 112913994). This region was explored for SNPs
with a minor allele frequency > 10% (selection criterion). By applying
this criterion, six SNPs were found (rs3811042 G/A, rs3811043 C/A/G/T,
152466449 G/A/C/T, rs3811045 T/A/C, rs3811046 G/A/C/T and
rs3811047 A/G/T) and analyzed.

A PCR reaction mix of 25 pL was prepared to include 12.5 pL GoTaq
Green Master Mix (2x: Promega, U.S.A), 1 pL of each primer (10 pmol);
8.5 pL nuclease free water and 2 pL of template DNA. The PCR machine
(Thermal Cycler, BioRad, USA) was programmed for the following
optimized conditions: initial denaturation at 95 °C for 5 min (one cycle),
followed by 30 cycles of denaturation (95 °C for 30 s), annealing (60 °C
for 30 s) and extension (72 °C for 60 s). A final extension cycle was
accomplished (72 °C for 7 min), followed by 10 min hold at 4 °C. The
PCR products were sent for DNA sequencing (Sanger sequencing, Mac-
rogen Corporation, South Korea). The received DNA sequences were
subjected to alignments with reference DNA sequences of IL37 gene
SNPs (http://asia.ensembl.org). Geneious software version 11.1.2 was
used to reveal the genotypes of IL37 gene SNPs (Kearse et al., 2012).
Fig. 1 shows a representative chromatogram of a DNA sequence of SNP
rs3811046.

2.3. Statistical analysis

Allele and genotype frequencies were presented in number and
percentage. Genotype frequencies of SNPs in controls were tested for
Hardy-Weinberg equilibrium (HWE) using the Pearson's Chi-square
goodness-of-fit test. Significant differences between patients and con-
trols with regard to allele and genotype frequencies were evaluated
using Fisher's exact test with two-tailed probability (p). Logistic
regression analysis was employed to calculate odds ratio (OR) and 95%
confidence interval (CI). Bonferroni correction was applied to correct for
statistical significance due multiple comparisons (corrected probability;
pc). A p-value < 0.05 was taken significant. The statistical package IBM
SPSS Statistics 25.0 (Armonk, NY: IBM Corp.) was used to perform these
analyses. Haplotype frequencies between SNPs of IL37 gene were esti-
mated using SHEsis software, which was also used to assess linkage
disequilibrium (LD) between SNPs. The LD coefficient (D’) was used to
define LD. The D’ value has a range between 0 (no LD) and 1.0 (complete
LD) (Shi and He, 2005).

3. Results

Genotype frequencies of rs3811042, rs3811043, rs2466449,
rs3811045, rs3811046 and rs3811047 were in good agreement with
HWE in controls, as there were no significant differences between
observed and expected genotype frequencies. When COVID-19 patients
were compared to controls, only two SNPs showed significant variations
(rs3811046 and rs3811047). TG genotype of SNP rs3811046 showed a
significantly increased frequency in patients compared to controls (61.0
vs. 38.0%; OR = 2.55; 95% CI = 1.45-4.50; p = 0.002; pc = 0.01). GA
genotype of SNP rs3811047 also showed an increased frequency in pa-
tients compared to controls, but the pc-value was not significant (39.0
vs. 24.0%; OR = 2.02; 95% CI = 1.10-3.71; p = 0.033; pc = 0.165)
(Table 1).

Pairwise linkage analysis revealed that some of the tagged SNPs were
in strong LD; rs3811042 with rs3811043 (D' = 0.87), rs3811042 with
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Fig. 1. DNA sequence chromatogram of IL37 gene SNP (rs3811046) showing three genotypes: GG (sample 2), GT (sample 4) and TT (sample 3). In addition, the
reference sequence (rs3811046) is also given.

Table 1
Allele and genotype distribution of six SNPs in IL37 gene among COVID-19 patients and controls.
SNP Allele/Genotype Patients (N = 100) Controls (N = 100) OR 95% CI p-value (pc)
N % N %
153811042 A 72 36.0 79 39.5 Reference
G 128 64.0 121 60.5 1.16 0.78-1.74 0.536 (1.0)
AA 20 20.0 19 19.0 Reference
AG 32 32.0 41 41.0 0.68 0.38-1.20 0.240 (1.0)
GG 48 48.0 40 40.0 1.38 0.79-2.42 0.319 (1.0)
HWE-p 0.155
153811043 C 80 40.0 64 32.0 Reference
G 120 60.0 136 68.0 0.71 0.47-1.06 0.118 (0.59)
CcC 13 13.0 9 9.0 Reference
CG 54 54.0 46 46.0 1.38 0.79-2.40 0.322 (1.0)
GG 33 33.0 45 45.0 0.60 0.34-1.07 0.111 (0.555)
HWE-p 0.568
152466449 A 186 93.0 183 91.5 Reference
G 14 7.0 17 8.5 0.81 0.39-1.69 0.709 (1.0)
AA 86 86.0 83 83.0 Reference
AG 14 14.0 17 17.0 0.79 0.37-1.71 0.696 (1.0)
HWE-p 0.352
153811045 C 132 66.0 143 71.5 Reference
T 68 34.0 57 28.5 1.29 0.85-1.97 0.281 (1.0)
CcC 45 45.0 53 53.0 Reference
CT 42 42.0 37 37.0 1.23 0.70-2.17 0.563 (1.0)
TT 13 130 10 10.0 1.34 0.56-3.21 0.658 (1.0)
HWE-p 0.356
13811046 T 125 62.5 138 69.0 Reference
G 75 37.5 62 31.0 1.34 0.88-2.02 0.206 (1.0)
TT 32 32.0 50 50.0 Reference
TG 61 61.0 38 38.0 2.55 1.45-4.50 0.002 (0.01)
GG 7 7.0 12 12.0 0.55 0.21-1.46 0.335 (1.0)
HWE-p 0.263
1s3811047 G 155 77.5 170 85.0 Reference
A 45 22.5 30 15.0 1.65 0.99-2.74 0.072 (0.36)
GG 58 58.0 73 73.0 Reference
GA 39 39.0 24 24.0 2.02 1.10-3.71 0.033 (0.165)
AA 3 3.0 3 3.0 1.00 0.20-5.04 1.0 (1.0)
HWE-p 0.556

SNP: Single nucleotide polymorphism; HWE-p: Hardy-Weinberg probability; N: Absolute number; OR: Odds ratio; CI: Confidence interval; p: Two-tailed Fisher's exact
probability; pc: Bonferroni correction probability. Significant p-value is bold-marked.

152466449 (D' = 0.83), rs2466449 with rs3811045 (D' = 0.99), and
152466449 with rs3811046 (D' = 0.82) (Fig. 2). Haplotype analysis
revealed a significantly increased frequency of the haplotype G-C-A-T-T-
A (in the order: rs3811042, rs3811043, rs2466449, rs3811045,
rs3811046 and rs3811047) in COVID-19 patients compared to controls
(0.055 vs. 0.006; OR = 10.23; 95% CI = 1.53-68.14; p = 0.003; pc =
0.03). Conversely, the G-A-C-T-G haplotype showed a lower frequency
in patients than in controls, but the pc-value was not significant (0.126
vs. 0.204; OR = 0.57; 95% CI = 0.33-1.01; p = 0.05; pc = 0.5) (Table 2).

4. Discussion

Although cytokines have been implicated in initiating anti-viral
immune responses and involved in virus-mediated pathogenesis, host
genetic variations may influence their responses to respiratory viral
infections (Forbester and Humphreys, 2020). Among these cytokines is
IL-37 and its immunological role in viral, bacterial and fungal infections
has received increasing attention (Allam et al., 2020). Besides, accu-
mulating data indicated that SNPs of IL37 gene are conserved among
humans by selective force, and their potential involvement in the
regulation of immune responses and susceptibility to human diseases
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Fig. 2. Pairwise linkage disequilibrium (LD) map of six IL37 gene SNPs (rs3811042, rs3811043, rs2466449, rs3811045, rs3811046 and rs3811047) genotyped using
SHEsis software. The LD is expressed between any pair of SNPs with a value of D’ multiplied by 100. Values approaching zero indicate no LD, and those approaching
100 indicate complete LD. The squares colored red represent varying degrees of LD and darker shades indicate stronger LD.

Table 2
Haplotype analysis of IL37 gene SNPs (in the order: rs3811042, rs3811043,
152466449, rs3811045, rs3811046 and rs3811047) in COVID-19 patients and
controls.

Haplotype N (Frequency) OR 95% CI p-value
Patients (N Controls (N @)
=100) =100)

A-G-A-C-G-  13.05 11.49 1.21 0.53-2.76 0.650
G (0.065) (0.057) (1.0)
A-G-A-C-T- 44.09 51.38 0.86 0.53-1.39 0.544
G (0.220) (0.257) (1.0)
G-C-A-C-G-  8.77 (0.044) 5.94 (0.030) 1.58 0.54-4.59 0.393
G 1.0
G-C-A-C-T- 17.61 14.13 1.34 0.64-2.81 0.426
G (0.088) (0.071) 1.0)
G-C-A-T-G- 7.17 (0.036) 3.54 (0.018) 2.18 0.59-7.95 0.226
A (1.0)
G-C-A-T-G- 7.70 (0.039) 9.67 (0.048) 0.82 0.31-2.19 0.703
G (1.0)
G-C-A-T-T- 10.98 1.20 (0.006) 10.23  1.53-68.14  0.003

A (0.055) (0.03)
G-C-A-T-T- 15.55 15.87 1.03 0.49-2.15 0.932
G (0.078) (0.079) (1.0)

G-G-A-C-T- 25.16 40.89 0.57 0.33-1.01 0.05

G (0.126) (0.204) 0.5)
G-G-G-T-G-  6.06 (0.030) 9.86 (0.049) 0.63 0.22-1.78 0.381
G (1.0)

N: Absolute number; OR: Odds ratio; CI: Confidence interval; p: Two-tailed
Fisher's exact probability; pc: Bonferroni correction probability. Significant p-
value is bold-marked.

has been proposed (Kang et al., 2015). Therefore, it is reasonable to
postulate that IL37 gene SNPs may be linked with susceptibility to
COVID-19.

In this initial study, six SNPs of IL37 gene were analyzed in COVID-19
patients, but only two were indicated as markers of susceptibility to
disease (rs3811046 and rs3811047). Both SNPs are located in exon 2, 31
nucleotides apart, and are missense mutations leading to different amino
acid codons (Gly/Val at rs3811046 and Thr/Ala at rs3811047) (Yan
et al., 2015). The current study showed that TG genotype of rs3811046
may increase the risk of developing COVID-19 by 2.55-fold. As pre-
sented by the 1000 Genomes Project Phase 3, rs3811046 is character-
ized by two alleles in South Asian populations, G (29%) and T (71%)
(Auton et al., 2015). The present study matched these figures and the
corresponding allele frequencies in control subjects were 31 and 69%,
respectively. Regarding disease association studies, SNP rs3811046 has
not been well investigated and limited observations have been reported.
In primary open-angle glaucoma (Mookherjee et al., 2016), tuberculosis
(Allam et al., 2016), rheumatoid arthritis (Zhang et al., 2018) and
Hashimoto's thyroiditis (Yan et al., 2015), no association with
rs3811046 was found. However, two significant associations were re-
ported with periodontal inflammation. In the first, rs3811046 was
linked with severe chronic periodontitis (OR = 1.50), 10-year incident
tooth loss (relative risk = 1.33) and aggressive periodontitis (OR = 1.12)
in German/Dutch adults (Offenbacher et al., 2018). In a more recent
study, it has been demonstrated that rs3811046 was associated with an
increased risk of developing moderate periodontitis (OR = 2.58) in a
Brazilian population (Cirelli et al., 2021). In Graves' disease, the
rs3811046 variant was significantly associated with a decreased risk in
female patients (OR = 0.777) (Yan et al., 2015). In the case of viral
infections, rs3811046 has not been investigated and the present study is
probably the first to reveal the significance of this polymorphism in
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susceptibility to COVID-19. Taken together, these data may propose a
role for rs3811046 in inflammation-mediated diseases, but the evidence
has not been overwhelmed and further studies are warranted.

The second SNP that showed an association with the risk of COVID-
19 infection was rs3811047, and although the pc value was not signif-
icant, individuals with the GA genotype may have a 2.02-fold suscep-
tibility to disease. Studies have highlighted this variant more than
rs3811046. This SNP has been associated with susceptibility to or pro-
tection against several infectious, inflammatory and autoimmune dis-
eases (Al-Anazi et al., 2019; Allam et al.,, 2016; Lin et al., 2018;
Offenbacher et al., 2018; Ozgti(;lﬁ et al., 2019). Tuberculosis is the only
infectious disease of the respiratory tract studied and susceptibility to
disease was not associated with rs3811047, but C allele and CC genotype
of another IL37 gene SNP (rs2723176) occurred significantly more
frequently in patients with active tuberculosis (Allam et al., 2016).
Recently, rs3811047 SNP was investigated in Helicobacter pylori-infected
patients with peptic ulcer, and G allele and GG genotype were expressed
more frequently in patients than in controls and were associated with
increased susceptibility to peptic ulcer (Davarpanah et al., 2020). With
respect to inflammatory and autoimmune diseases, G allele and GG
genotype of rs3811047 SNP showed significantly increased frequencies
in Chinese patients with Behcet's disease in comparison with controls
(Tan et al., 2016), but these findings were not confirmed in Turkish
patients, and Behcet's disease did not show association with rs3811047
(C)zgﬁqlii etal., 2019). A meta-analysis of multiple autoimmune diseases
in Chinese patients (ankylosing spondylitis, rheumatoid arthritis, auto-
immune thyroid disease, Behcet's disease and Vogt-Koyanagi-Harada
disease) revealed a significant association between rs3811047 variant
and susceptibility to autoimmune diseases in four genetic models (allele,
recessive, dominant and heterozygous) (Lin et al., 2018). In ankylosing
spondylitis patients, it was interesting to note that expressions of C-
reactive protein and erythrocyte sedimentation rate (inflammatory
markers) were influenced by GG genotype of rs3811047 (Chen et al.,
2011). These data indicate that rs3811047 may influence susceptibility
to infectious and inflammatory diseases.

Regarding the remaining SNPs of IL37 gene (rs3811042, rs3811043,
152466449 and rs3811045), allele and genotype frequencies did not
show significant differences between COVID-19 patients and controls.
To the best of our knowledge, these SNPs have not been investigated in
any human disease. However, when the six SNPs of IL37 gene were
included in a haplotype analysis, interesting results were found. Some of
the SNPs were in strong LD, and the haplotype G-C-A-T-T-A (in the
order: rs3811042, rs3811043, rs2466449, rs3811045, rs3811046 and
rs3811047) was significantly associated with a 10.23-fold increased risk
of COVID-19. Haplotypes can be considered as the principal unit of
heredity and may provide the opportunity to better understand the role
of polymorphic traits (i.e., SNPs) in disease susceptibility rather than
genotypes at a single locus (Glusman et al., 2014). This issue was
highlighted in a study of three IL37 gene SNPs (rs3811047, rs2723176
and rs2723816) in Hashimoto's thyroiditis. The three SNPs showed no
association with susceptibility to disease, but haplotype analysis showed
that ACG haplotype was associated with a 1.57-fold risk of Hashimoto's
thyroiditis (Yan et al., 2015). Therefore, haplotype analysis is a useful
approach to understand the genetic association between IL37 gene SNPs
and diseases, but due to the limited data available, further studies are
needed.

It is worth noting that the study has some limitations. First, only
severe cases of COVID-19 were included, and asymptomatic and mod-
erate cases should have been considered in the analysis. Second, data for
viral load were not obtained, and it would be important to correlate
these data with genotypes of IL37 gene SNPs. Third, sample size may
limit study results and a larger number of patients and controls may
provide more insight on the role of IL37 gene SNPs in susceptibility to
COVID-19.

In conclusion, the study indicated that two variants of IL37 gene
(rs3811046 and rs3811047) may be associated with susceptibility to
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