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A B S T R A C T   

Coronavirus disease-19 (COVID-19) has recently emerged as a respiratory infection with a significant impact on 
health and society. The pathogenesis is primarily attributed to a dysregulation of cytokines, especially those with 
pro-inflammatory and anti-inflammatory effects. Interleukin-38 (IL-38) is a recently identified anti-inflammatory 
cytokine with a proposed involvement in mediating COVID-19 pathogenesis, while the association between IL38 
gene variants and disease susceptibility has not been explored. Therefore, a pilot study was designed to evaluate 
the association of three gene variants in the promoter region of IL38 gene (rs7599662 T/A/C/G, rs28992497 T/C 
and rs28992498 C/A/T) with COVID-19 risk. DNA sequencing was performed to identify these variants. The 
study included 148 Iraqi patients with COVID-19 and 113 healthy controls (HC). Only rs7599662 showed a 
significant negative association with susceptibility to COVID-19. The mutant T allele was presented at a 
significantly lower frequency in patients compared to HC. Analysis of recessive, dominant and codominant 
models demonstrated that rs7599662 TT genotype frequency was significantly lower in patients than in HC. In 
terms of haplotypes (in order: rs7599662, rs28992497 and rs28992498), frequency of CTC haplotype was 
significantly increased in patients compared to HC, while TTC haplotype showed significantly lower frequency in 
patients. The three SNPs influenced serum IL-38 levels and homozygous genotypes of mutant alleles were 
associated with elevated levels. In conclusion, this study indicated that IL38 gene in terms of promoter variants 
and haplotypes may have important implications for COVID-19 risk.   

1. Introduction 

Coronavirus disease-19 (COVID-19) recently emerged as a respira-
tory infection that was initially reported in Wuhan, China, and then 
spread worldwide. It is caused by severe acute respiratory syndrome- 
coronavirus-2 (SARS-CoV-2), a single-stranded RNA virus believed to 
be transmitted from animals to humans (Pal et al., 2020). The infections 
can cause illnesses ranging from the common cold with flu-like symp-
toms to serious illnesses that may include pneumonia, kidney failure and 
even loss of life (Li et al., 2020). 

A hallmark of SARS-CoV-2 infection is excessive inflammatory re-
sponses, which correlate with disease severity and even mortality 
(Rabaan et al., 2021). An effective inflammatory response against the 
virus involves provoking a cascade of immune responses by producing a 

range of inflammatory mediators, particularly cytokines (Notz et al., 
2020). Although cytokines are powerful soluble mediators of the im-
mune system, their elevated levels can lead to inflammation, infiltration 
of macrophages and neutrophils and lung injury in patients with COVID- 
19 (Rabaan et al., 2021). Studies have indicated that uncontrolled 
production of cytokines, particularly those with pro-inflammatory 
functions such tumor necrosis factor (TNF)-α, interleukin (IL)-1 and 
IL-6, is a prominent feature of the dysregulated immune response during 
SARS-CoV-2 infection (Costela-Ruiz et al., 2020). Dysregulated pro-
duction of anti-inflammatory cytokines has also been described in 
COVID-19 patients including members of IL-1 family (Ahmed and 
Ad’hiah, 2021; Mardi et al., 2021). IL-1 family comprises both pro- 
inflammatory (IL-1, IL-18, IL-33 and IL-36) and anti-inflammatory (IL- 
36, IL-37 and IL-38) cytokines (Dinarello, 2018). IL-38 is a recently 

Abbreviations: ACE, Angiotensin-converting enzyme; CI, Confidence interval; COVID-19, Coronavirus disease 2019; CT, Chest tomography; D’, Linkage 
disequilibrium coefficient; HC, Healthy controls; HWE, Hardy-Weinberg equilibrium; IL, Interleukin; LD, Linkage disequilibrium; MLR, Multinomial logistic 
regression; OR, Odds ratio; p, Probability; pc, Corrected probability; PCR, Polymerase chain reaction; SARS-CoV-2, Severe acute respiratory syndrome coronavirus 2; 
SNP, Single nucleotide polymorphism; STAT3, Signal transducer and activator of transcription 3; TF, Transcription factor; TFBS, Transcription factor binding site; 
TNF, Tumor necrosis factor. 

* Corresponding author at: Tropical-Biological Research Unit, College of Science, University of Baghdad, Al-Jadriya, Baghdad (Postcode: 10070), Iraq. 
E-mail address: dr.ahadhiah@sc.uobaghdad.edu.iq (A.H. Ad’hiah).  

Contents lists available at ScienceDirect 

Immunobiology 

journal homepage: www.elsevier.com/locate/imbio 

https://doi.org/10.1016/j.imbio.2022.152301 
Received 26 June 2022; Received in revised form 13 October 2022; Accepted 5 November 2022   

mailto:dr.ahadhiah@sc.uobaghdad.edu.iq
www.sciencedirect.com/science/journal/01712985
https://www.elsevier.com/locate/imbio
https://doi.org/10.1016/j.imbio.2022.152301
https://doi.org/10.1016/j.imbio.2022.152301
https://doi.org/10.1016/j.imbio.2022.152301
http://crossmark.crossref.org/dialog/?doi=10.1016/j.imbio.2022.152301&domain=pdf


Immunobiology 227 (2022) 152301

2

discovered cytokine in this family. It is produced in tissues of lymphoid 
organs (for instance, thymus, tonsil and spleen) and secreted by various 
cells (for instance, monocytes and macrophages), and its immuno- 
pathological role in infectious and autoimmune diseases has been pro-
posed (Esmaeilzadeh et al., 2021; Han et al., 2021). During viral in-
fections and inflammatory conditions, IL-38 exhibits anti-inflammatory 
capabilities and exerts suppressive effects on the expression of various 
pro-inflammatory cytokines (Xia et al., 2021). Regarding COVID-19, a 
recent study showed higher serum IL-38 levels in patients versus con-
trols, but when patients were categorized by disease severity, lower IL- 
38 levels were found in the severe group compared to the non-severe 
group (Gao et al., 2021). 

Host genetic variants related to serious illness may identify some 
potential therapeutic targets to modulate immune response of the host 
to support survival (Baillie, 2014). For example, host-directed therapies 
have been for a long time the goal for treating the severe diseases caused 
by respiratory viruses (Baillie and Digard, 2013). Moreover, identifica-
tion of genetic variants associated with susceptibility to COVID-19 could 
pave the way for particular targets to develop efficient therapies. 
Considerable attention has been paid to whether host genetic variation 
may influence COVID-19 risk and/or disease severity (Velavan et al., 
2021). Several genetic variants of genes involved in controlling immune 
responses, inflammation or SARS-CoV-2 receptors have been studied 
and some significant findings have been obtained; for instance, IL37, 
angiotensin-converting enzyme (ACE) and angiotensin-converting 
enzyme 2 (ACE2) genes (Ahmed and Ad’hiah, 2022; Mahmood et al., 
2022; Suh et al., 2022). In the case of IL-38, the coding gene is mapped to 
a region in human chromosome 2; 2q14.1 (https://www.ncbi.nlm.nih. 
gov/gene/84639). IL38 gene SNPs (single nucleotide polymorphisms) 
have been described, and there is evidence to suggest that these genetic 
variants not only regulate systemic levels of other IL-1 family cytokines 
such as IL-1ra (interleukin-1 receptor antagonist), but are also associ-
ated with inflammatory markers in the peripheral blood such as C- 
reactive protein (Dehghan et al., 2011; Herder et al., 2014). Besides, 
IL38 gene SNPs have been shown to influence susceptibility to several 
inflammatory and autoimmune disorders such as arthritic diseases (Xie 
et al., 2019). With regard to infectious diseases, it appears that the IL38 
gene polymorphism has not been investigated. 

A recent study we conducted revealed that COVID-19 did not influ-
ence IL-38 levels in the serum of patients, but the study indicated that 
classifying patients by some characteristics (demographic, anthropo-
metric and clinical) may reveal a clearer role for IL-38 in COVID-19 
pathogenesis (Al-bassam et al., 2022). The current pilot study 
included the same cohorts of patients and controls and was designed to 
evaluate the association of SNPs in the promoter region of IL38 gene 
with COVID-19 risk. In addition, severity of disease was considered in 
this evaluation. To the investigators’ knowledge, this study is the first to 
explore IL38 polymorphism in COVID-19. 

2. Material and methods 

2.1. Subjects 

A case-control study was performed on 148 patients with COVID-19 
(60.1 % male) and 113 healthy controls (HC; 59.3 % male) with mean 
age (±standard deviation [SD]) of 56.5 ± 14.3 and 37.8 ± 12.0 years, 
respectively. The study was conducted during the period from 
September to December 2020 and included patients admitted to COVID- 
19 care units in Baghdad. The RealLine SARS-CoV-2 kit (Bioron Di-
agnostics GmbH, REF BI1019-96) was used to diagnose SARS-CoV-2 in 
nasopharyngeal swabs. This was followed by a chest tomography (CT) 
scan. Inclusion criteria were a positive molecular test, CT scan indicating 
COVID-19 and age ≥ 18 years. Severity of COVID-19 was determined 
following the WHO Interim Guidance (World Health Organization, 
2020; https://apps.who.int/iris/handle/10665/330893). Accordingly, 
patients were assigned into three groups: moderate (N = 45; mean age 

± SD = 52.2 ± 14.8 years; males = 64.4 %), severe (N = 55; mean age ±
SD = 58.1 ± 12.6 years; males = 49.1 %) and critical (N = 48; mean age 
± SD = 58.8 ± 14.9 years; males = 68.8 %). The HC sample included 
blood donors and healthcare workers. They had no infectious or chronic 
disease at the time of investigation, and their sera were negative for 
COVID-19 IgG and IgM antibody testing. Written consent was provided 
by all participants to participate in study. Ethical approval was obtained 
from the Ethics Committee at the Ministry of Health. 

2.2. SNP selection, DNA isolation and genotyping 

The complete DNA sequence of IL38 gene (IL1F10 gene; Gene ID: 
84639) with SNP data was downloaded (https://www.ensembl.org 
/Homo_sapiens/Gene/Sequence?g = ENSG00000136697;r =

2:113067970–113075843). Geneious Prime software (www.geneious. 
com/prime) was used to design forward (5′- 
TCTTTGCAGTTGGGTTTCCCT-3′) and reverse (5′-ACACTGAGGAGC-
TACCAAGGA-3′) primers that can amplify a promoter region of IL38 
gene. In Silico validation was conducted to test efficiency and specificity 
of primers (genome.ucsc.edu/cgi-bin/hgPcr). Molecular size of the 
amplified region was found to be 977-bp (chr2:113067404 +

113068380). In this region, more than 150 SNPs were identified but 
those with a minor allele frequency ≥ 10 % were only three (rs7599662 
T/A/C/G, rs28992497 T/C and rs28992498 C/A/T). 

The ReliaPrep Blood gDNA Miniprep System Kit was used to isolate 
genomic DNA from EDTA blood following the manufacturer’s in-
structions (Promega, USA, Cat. No. A5081). PCR mix (total volume: 20 
µL) consisted of 10 µL Master Mix (GoTaq Green Master Mix, Promega, 
USA, Cat. No. M7122), 1 µL forward primer, 1 µL reverse primer, 2 µL 
DNA and 6 µL nuclease free water. The thermal cycler (Thermo Fisher 
Scientific, USA) was programmed as follows: an initial denaturation 
cycle (95 ◦C; 5 min), followed by 30 cycles of denaturation (95 ◦C; 30 s), 
annealing (63 ◦C; 30 s) and extension (72 ◦C; 45 s). A final extension 
cycle (72 ◦C; 7 min) was also included. Amplified PCR products were 
electrophoresed in 1.5 % agarose gel (Fig. 1A) and then forward and 
reverse Sanger sequencing of PCR products was performed using the 
ABI3730XL Automated DNA Sequencer (Macrogen Corporation, Korea). 
Geneious Prime software was used to perform DNA sequence alignment 
with reference sequences provided by the National Center for Biotech-
nology Information database (Sayers et al., 2022), and accordingly, SNP 
genotypes were assigned. Fig. 1B shows a representative chromatogram 
of SNP rs7599662. 

2.3. IL-38 levels 

Data for serum IL-38 levels were obtained from our previously 
published study (Al-bassam et al., 2022) and used to explore the impact 
of SNP genotypes on these levels. 

2.4. TRANSFAC® MATCH analysis 

To predict transcription factor binding sites (TFBSs) that might 
overlap with the studied SNPs, in silico analyses were performed using 
MATCH, a weight matrix-based tool for detecting putative TFBSs in DNA 
sequence of interest (Kel et al., 2003). The studied part of the IL-38 
promoter sequence was submitted to TRANSFAC using the MATCH 
tool; the vertebrate database of TFs, high quality matrices and mini-
mizing the false negative errors options were used. Results were 
manually filtered to choose the predicted TF binding sequences that 
overlap with the SNPs, which may explain the differential activity. 

2.5. Statistical analysis 

Hardy-Weinberg equilibrium (HWE) analysis was performed using 
the Pearson Chi-square goodness-of-fit test. Odds ratio (OR) and 95 % 
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confidence interval (CI) were calculated using the multinomial logistic 
regression (MLR) test. Five genetic models were adopted in this test: 
allele, recessive, dominant, overdominant and codominant, and two- 
tailed Fisher exact test or Pearson Chi-square test was employed to 
assess significant differences. Median and interquartile range (IQR) were 
used to describe IL-38 levels, and significant differences were assessed 
using Mann-Whitney U test. Bonferroni correction was applied to adjust 
probability (p) and a p-value of 0.05 was taken significant. These ana-
lyses were performed using IBM SPSS Statistics version 25.0 (IBM Corp., 
Armonk, NY, USA). Linkage disequilibrium (LD) and haplotype con-
struction were analyzed using SHEsis software (Shi and He, 2005). LD 
coefficient (D’) was used to express LD between SNPs. 

3. Results 

3.1. MLR analysis of SNPs 

DNA sequence analysis of the amplified PCR products by alignment 
with reference SNP sequences identified three intergenic variants with a 
minor allele frequency ≥ 10 %, rs7599662, rs28992497 and 
rs28992498. Genotype frequencies of the three IL38 gene SNPs showed 
no significant deviation from HWE in patients or HC. MLR analysis 
revealed that only rs7599662 showed a significant negative association 
with susceptibility to COVID-19. The mutant T allele was presented at a 
significantly lower frequency in patients compared to HC (19.3 vs 35.0 
%; OR = 0.44; 95 % CI = 0.30–0.66; p < 0.001; pc = 0.001). Analysis of 
recessive (TT genotype vs CC + CT genotypes: 5.4 vs 15.9 %; OR = 0.30; 
95 % CI = 0.13–0.72; p = 0.006; pc = 0.036), dominant (CT + TT ge-
notypes vs CC genotype: 33.1 vs 54.0 %; OR = 0.42; 95 % CI =
0.26–0.70; p = 0.001; pc = 0.006) and codominant (TT vs CC genotype: 
5.4 vs 15.9 %; OR = 0.30; 95 % CI = 0.13–0.72; p = 0.006; pc = 0.036) 
models demonstrated that rs7599662 TT genotype frequency was 
significantly lower in patients than in HC (Table 1). 

3.2. IL38 gene SNPs and severity of COVID-19 

Genotype frequencies of rs7599662, rs28992497 and rs28992498 
SNPs showed no significant variation between patients classified by 
severity of COVID-19 (moderate, severe and critical illness) (Table 2). 

3.3. LD and haplotype analysis 

Pairwise LD analysis between IL38 gene SNPs demonstrated that 
rs7599662 had a weak LD with rs28992497 (D’ = 0.2), while a strong 
LD was found with rs28992498 (D’ = 0.68). Further, a stronger LD was 
found between rs28992497 and rs28992498 (D’ = 0.76) (Fig. 2). 

In terms of haplotypes (in order: rs7599662, rs28992497 and 
rs28992498), frequency of CTC haplotype was significantly increased in 
patients compared to HC (59.7 vs 46.4 %; OR = 1.71; 95 % CI =
1.21–2.43; p = 0.002; pc = 0.008), while a significant decrease in the 
frequency of TTC haplotype was observed in patients (16.2 vs 28.7 %; 
OR = 0.48; 95 % CI = 0.31–0.73; p = 0.001; pc = 0.004) (Table 3). 

3.4. Impact of IL38 SNP genotypes on IL-38 levels 

IL-38 levels were examined in all participants (COVID-19 patients 
and HC) after classification according to genotypes of each SNP. In-
dividuals with a genotype homozygous for mutant allele of SNPs 
rs7599662 (TT vs CC), rs28992497 (CC vs TT) and rs28992498 (AA vs 
CC) exhibited significantly elevated IL-38 levels compared to the cor-
responding wild-type homozygous genotype (77.4 [IQR: 63.1–84.6] vs 
67.7 [60.1–74.8] pg/mL, p < 0.05; 80.7 [67.5–102.3] vs 67.7 
[59.8–75.6] pg/mL, p < 0.01; and 82.7 [60.8–95.1] vs 67.3 [59.4–76.5] 
pg/mL, p < 0.05, respectively) (Fig. 3). 

3.5. Computational prediction of TFBSs 

A possible explanation for the effects of SNPs on IL-38 promoter 
functions could be alterations in the TFBSs either by formation or 
disruption of TFBSs or through differential affinity for TFs. To examine 
this possibility, we used an in silico TFBSs prediction tool, MATCH by 
TRANSFAC. Our data show that there are seven predicted TFBSs that 
interfere with the SNPs (rs7599662: COMP1; rs28992497: Myogenin 
and Hand1; rs28992498: COMP1, cP2, Pax6 and Pax4). 

4. Discussion 

An impressive number of genome-wide association studies have re-
ported that specific human genetic variants can influence susceptibility 
to various infectious diseases. These studies have provided valuable 
insights by identifying the associations of genetic variants of innate and 
adaptive immune responses with susceptibility to various infections 
(Mozzi et al., 2018). In COVID-19, studies of different ethnic groups 
have also indicated that host genetic variants, particularly those 
involved in immune response, are associated with disease risk and 
severity, as well as clinical outcomes (Barmania et al., 2022; Cham-
nanphon et al., 2022; Ovsyannikova et al., 2020). A dysregulated im-
mune response has been closely linked to COVID-19 pathogenesis, 
especially severity of disease, because the initial innate inflammatory 
response to SARS-CoV-2 leads to rapid recruitment of many immune 
response cells to the lungs, the primary site of infection, after which 
these cells are activated to produce high levels of cytokines (Wong and 
Perlman, 2022). The pathogenic role of cytokines in COVID-19 has 
received increasing attention across several studies. The cytokine storm, 
which is an exaggerated immune response leads to an uncontrolled 
elevation in circulating pro-inflammatory cytokines, has been shown to 
increase the risk of pulmonary failure, acute respiratory distress syn-
drome and death (Costela-Ruiz et al., 2020; Karaba et al., 2021; Rabaan 
et al., 2021). Besides, dysregulated production of some anti- 
inflammatory cytokines (for instance, IL-37 and IL-38) has also been 

Fig. 1. (A) Agarose gel electrophoresis (1.5%, 5 V/cm2) of the PCR product of 
IL38 gene showing 977-bp band (Lanes: 1–10; Lane M: 100-bp DNA ladder). (B) 
DNA sequence chromatogram of IL38 gene SNP (rs7599662) showing three 
genotypes: TT (sequence 2), CC (sequence 3) and CT (sequence 4). In addition, 
the reference sequence of the SNP is also given (sequence 1). Geneious Prime 
software was used to generate the chromatogram. 
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reported in patients with COVID-19, although the evidence is not 
conclusive (Ahmed and Ad’hiah, 2021; Al-bassam et al., 2022; Gao 
et al., 2021). 

It is well known that cytokines participate in the regulation of im-
mune and inflammatory responses. For instance, high levels of IL-38 
have been shown to induce long-term anti-inflammatory changes and 
also inhibits the induction of trained immunity (de Graaf et al., 2021). 
However, and due to the fact that cytokines are under genetic control, 
their serum profile cannot fully explain their association with COVID-19 
risk. Indeed, associations between genetic variants and susceptibility to 
COVID-19 have recently been examined in studies focusing on certain 
cytokines, particularly those with a proposed role in the pathogenesis 
and severity of disease. Some cytokine SNPs (particularly those in the 

promoter region) have been linked to interindividual heterogeneity in 
susceptibility to COVID-19 (Ahmed and Ad’hiah, 2022; Ovsyannikova 
et al., 2020; Suh et al., 2022; Velavan et al., 2021). The expressions of 
many cytokines are regulated at the transcription level, and promoter 
SNPs of many cytokines have been shown to be transcriptional regula-
tors (Vohra et al., 2021). In the present case-control study, the associ-
ations between three IL38 promoter SNPs (rs7599662, rs28992497 and 
rs28992498) and susceptibility to COVID-19 were examined. MLR 
analysis according to five genetic models indicated that only SNP 
rs7599662 may serve as an indicator of reduced susceptibility to COVID- 
19. T allele and TT (recessive model), CT + TT (dominant model) and TT 
(codominant model) genotypes were significantly less frequent in 
COVID-19 patients than in HC. These findings suggest that T allele and 

Table 1 
Multinomial logistic regression and Hardy-Weinberg equilibrium analyses of IL38 gene SNPs in COVID-19 patients versus controls.  

SNP/Genetic model Allele/ 
genotype 

Patients; N = 148 Controls; N = 113 OR (95 % CI) p-value (pc) 
N % N % 

rs7599662 T/A/C/G        
Allele C 239  80.7 147  65.0 Reference   

T 57  19.3 79  35.0 0.44 (0.30–0.66) < 0.001 (0.001) 
Recessive CC + CT 140  94.6 95  84.1 Reference   

TT 8  5.4 18  15.9 0.30 (0.13–0.72) 0.006 (0.036) 
Dominant CC 99  66.9 52  46.0 Reference   

CT + TT 49  33.1 61  54.0 0.42 (0.26–0.70) 0.001 (0.006) 
Overdominant CC + TT 107  72.3 70  61.9 Reference   

CT 41  27.7 43  38.1 0.62 (0.37–1.05) 0.083 (0.498) 
Codominant CC 99  66.9 52  46.0 Reference   

CT 41  27.7 43  38.1 0.51 (0.26–1.00) 0.083 (0.498)  
TT 8  5.4 18  15.9 0.30 (0.13–0.72) 0.006 (0.036) 

HWE-p-value  0.414  0.222            

rs28992497 T/C        
Allele T 241  81.4 180  79.6 Reference   

C 55  18.6 46  20.4 0.89 (0.58–1.38) 0.655 (1.0) 
Recessive TT + TC 143  96.6 106  93.8 Reference   

CC 5  3.4 7  6.2 0.53 (0.16–1.71) 0.373 (1.0) 
Dominant TT 98  66.2 74  65.5 Reference   

TC + CC 50  33.8 39  34.5 0.97 (0.58–1.62) 1.0 (1.0) 
Overdominant TT + CC 103  69.6 81  71.7 Reference   

TC 45  30.4 32  28.3 1.11 (0.65–1.89) 0.785 (1.0) 
Codominant TT 98  66.2 74  65.5 Reference   

TC 45  30.4 32  28.3 1.11 (0.65–1.89) 0.785 (1.0)  
CC 5  3.4 7  6.2 0.53 (0.16–1.71) 0.373 (1.0) 

HWE-p-value  0.998  0.404            

rs28992498 C/A/T        
Allele C 232  78.4 182  80.5 Reference   

A 64  21.6 44  19.5 1.14 (0.74–1.75) 0.586 (1.0) 
Recessive CC + CA 144  97.3 107  94.7 Reference   

AA 4  2.7 6  5.3 0.50 (0.14–1.79) 0.337 (1.0) 
Dominant CC 88  59.5 75  66.4 Reference   

CA + AA 60  40.5 38  33.6 1.35 (0.81–2.24) 0.302 (1.0) 
Overdominant CC + AA 92  62.2 81  71.7 Reference   

CA 56  37.8 32  28.3 1.54 (0.91–2.60) 0.115 (0.690) 
Codominant CC 88  59.5 75  66.4 Reference   

CA 56  37.8 32  28.3 1.54 (0.91–2.60) 0.115 (0.690)  
AA 4  2.7 6  5.3 0.50 (0.14–1.79) 0.337 (1.0) 

HWE-p-value  0.367  0.588    

SNP: Single nucleotide polymorphism; HWE: Hardy-Weinberg equilibrium; OR: Odds ratio; CI: Confidence interval; p: Two-tailed Fisher exact probability; pc: Bon-
ferroni correction probability (significant p-value is indicated in bold). 

Table 2 
Frequencies of IL38 gene SNP genotypes stratified by disease severity in COVID-19 patients.  

Disease severity Genotype; N (%) 
rs7599662 T/A/C/G rs28992497 T/C rs28992498 C/A/T 
CC CT TT TT TC CC CC CA AA 

Moderate 31 (68.9) 13 (28.9) 1 (2.2) 26 (57.8) 18 (40.0) 1 (2.2) 20 (44.4) 24 (53.3) 1 (2.2) 
Severe 37 (67.3) 14 (25.5) 4 (7.3) 38 (69.1) 15 (27.3) 2 (3.6) 37 (67.3) 17 (30.9) 1 (1.8) 
Critical 31 (64.6) 14 (29.2) 3 (6.3) 34 (70.8) 12 (25.0) 2 (4.2) 31 (64.6) 15 (31.3) 2 (4.2) 
p-value (pc) 0.828 (1.0)   0.560 (1.0)   0.127 (0.635)   

p: Pearson Chi-square test probability; pc: Bonferroni correction probability. 
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TT genotype of rs7599662 may have a protective role against the 
development COVID-19. Limited disease-association studies have 
explored the role of rs7599662 in disease susceptibility, and in fact only 
one study explored this SNP, as well as the SNPs rs28992497 and 
rs28992498, in patients with systemic juvenile idiopathic arthritis and 
no significant association was found (Stock, 2011). However, it was 
interesting to note that the homozygous genotype of the mutant allele of 
the three SNPs was associated with up-regulated IL-38 levels compared 
to the homozygous genotype of the wild-type. This finding may indicate 
that these promotor SNPs may influence IL-38 levels and the observed 
association with COVID-19 risk may be due to this effect. Consistent 
with our observation, promoter polymorphisms within IL6 gene influ-
enced serum levels of IL-6 in patients with osteoarthritis (Singh et al., 
2020). However, it may be too early to reach a productive conclusion 
regarding the role of the three SNPs in susceptibility to COVID-19 or 
their impact on IL-38 production and further studies are warranted. 

As is well known, the genomic regulatory regions include different 
specific sequences of binding sites for TFs. Hence, the interaction be-
tween these TFs and their binding sites as well as the interplay of TFs 
with each another coordinate the effectiveness of genetic programs by 
activating or repressing the transcription of specific genes (Lambert 
et al., 2018). As a consequence, genetic variations (SNPs) within TFBSs 
that alter gene expression may play a significant role in the phenotypic 
variation in various traits, including the risk of developing diseases. 
Therefore, searching for functional non-coding genetic variants using 
Combining chromatin Immunoprecipitation (ChIP) assay, Electropho-
retic Mobility Shift Assay (EMSA), DNA-affinity Precipitation Assay 
(DAPA), and others has become a major concern (Farh et al., 2015; 
Soderquest et al., 2017). For instance, a study by Tripathi and colleagues 
has shown that signal transducer and activator of transcription 3 
(STAT3) is important for transcriptional regulation of human Th17 cell 
differentiation. They also found a number of SNPs associated with some 
immune-mediated disorders that were detected in STAT3-binding sites 
needed to induce Th17 cell specification (Tripathi et al., 2017). In the 
current study, in silico analysis was performed to indicate any potential 
TFBSs that may overlap with the identified SNPs. In fact, several TFBSs 
have been detected to be overlapped with the identified SNPs. These 
overlaps between the SNPs and the TFBSs suggest that the changes in 
promoter activity might be due to modifications in the TFBSs or in the 
binding affinity of TFs to their binding sites. However, further studies 
are needed to confirm these results and to determine the role of each 
putative TF in regulating promoter activity. 

It has been indicated that combinations of polymorphisms in the 
form of haplotypes can provide more information about disease sus-
ceptibility than a single locus polymorphism and offer a promising 
approach to revealing genetic variations that are responsible for com-
plex human diseases including COVID-19 (Ahmed and Ad’hiah, 2022; 
Diao and Lin, 2020; Liu et al., 2008). Therefore, in the next step of this 
study, we constructed haplotypes integrating the three SNPs of IL38 
gene (in the order: rs7599662, rs28992497 and rs28992498). A strong 
LD was found between rs7599662 and rs28992498, as well as between 
rs28992497 and rs28992498. Besides, this time the analysis revealed a 
more informative profile of the association between IL38 gene SNPs and 
the risk of contracting COVID-19. Interestingly, TTC haplotype was 
associated with a 0.48-fold reduced risk of disease, while CTC haplotype 
was associated with a 1.71-fold increased risk of this respiratory viral 

Fig. 2. Pairwise linkage disequilibrium (LD) map of three IL38 gene SNPs 
(rs7599662, rs28992497 and rs28992498) genotyped using SHEsis software. 
The LD is expressed between any pair of SNPs with the value of D’. Values 
approaching zero indicate no LD, and those approaching 1.0 indicate complete 
LD. The squares colored red represent varying degrees of LD and darker shades 
indicate stronger LD. (For interpretation of the references to colour in this 
figure legend, the reader is referred to the web version of this article.) 

Table 3 
Haplotype analysis of IL38 gene SNPs (rs7599662-rs28992497-rs28992498) 
among COVID-19 patients and controls.  

Haplotype Patients (296 
chromosomes) 

Controls (226 
chromosomes) 

OR (95 % CI) p-value (pc) 

N % N % 

CCA 46  15.5 29  12.8 1.25 
(0.76–2.06) 

0.450 (1.0) 

CTC 177  59.7 105  46.4 1.71 
(1.21–2.43) 

0.002 
(0.008) 

TTC 48  16.2 65  28.7 0.48 
(0.31–0.73) 

0.001 
(0.004) 

CTA 15  5.0 9  3.9 1.29 
(0.55–2.99) 

0.674 (1.0) 

OR: Odds ratio; CI: Confidence interval; p: Two-tailed Fisher exact probability; 
pc: Bonferroni correction probability (significant p-value is indicated in bold). 

Fig. 3. Box-and-whisker plots showing median and interquartile range (IQR) of 
serum IL-38 levels stratified according to genotypes of IL38 gene SNPs 
(rs7599662, rs28992497 and rs28992498). The homozygous genotype of 
mutant allele in each SNPs (TT, CC and AA, respectively) was significantly 
effective in elevating IL-38 levels compared to wild-type genotype (CC, TT and 
CC, respectively). Mann-Whitney U test was used to compare medians: * p <
0.05, ** p < 0.01, ns p greater than 0.05 (not significant). 
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infection. These results suggest the contribution of IL38 haplotypes to 
susceptibility to COVID-19, with one haplotype associated with a pro-
tective effect, while the other haplotype confers susceptibility to disease. 
Accordingly, we can point out that haplotype assessment can provide 
valuable information that helps explain gene-disease associations and 
polymorphism interactions within haplotypes. 

Regardless of these intriguing findings, they should be interpreted 
with caution because the study encountered the limitation of relatively 
low number of patients and HC. Besides, gene expression of IL38 was not 
determined and its relationship to SNP genotypes and/or haplotypes 
may better explain IL-38 role in COVID-19 pathogenesis. 

5. Conclusions 

IL38 gene in terms of the rs7599662 promoter SNP and haplotypes 
(rs7599662-rs28992497-rs28992498) may have important implications 
for susceptibility to COVID-19. Besides, the examined SNPs may influ-
ence serum IL-38 levels. However, further investigations are recom-
mended to uncover the proposed significance of IL38 gene 
polymorphism in disease risk. 
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