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Abstract
Background  Variation in host immune responses to SARS-CoV-2 is regulated by multiple genes involved in innate 
viral response and cytokine storm emergence like IL-10 and TNFa gene polymorphisms. We hypothesize that IL-10; 
-592 C > A and − 1082 A > G and TNFa-308 G > A are associated with the risk of SARS-COV2 infections and clinical 
outcome.

Methods  Genotyping, laboratory and radiological investigations were done to 110 COVID-19 patients and 110 
healthy subjects, in Ismailia, Egypt.

Results  A significant association between the − 592 A allele, A containing genotypes under all models (p < 0.0001), 
and TNFa A allele with risk to infection was observed but not with the G allele of the − 1082. The − 592 /-1082 CG 
and the − 592 /-1082/ -308 CGG haplotypes showed higher odds in COVID-19 patients. Severe lung affection was 
negatively associated with − 592, while positive association was observed with − 1082. Higher D-dimer levels were 
strongly associated with the − 1082 GG genotype. Survival outcomes were strongly associated with the GA genotype 
of TNFa. -308 as well as AGG and AAA haplotypes.

Conclusion  IL-10 and TNFa polymorphisms should be considered for clinical and epidemiological evaluation of 
COVID-19 patients.

Keywords  SARS-CoV-2, IL-10, TNFa, rs1800872 (− 592), rs1800896(− 1082), rs1800629(-308), Innate immunity, COVID-19, 
Polymorphism, SNP, Genotype, Pharmacogenomics, Remdesivir, Egypt
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Introduction
Coronavirus disease 2019 (COVID-19) is the newly 
emergent acute respiratory distress syndrome (ARDS) 
caused by the severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2) that elicits a cytokine storm [1]. 
A cytokine storm is an aberrant systemic inflammatory 
response caused by an uncontrolled overproduction of 
inflammatory cytokines [2, 3]. If no appropriate treat-
ment is given to patients suffering from a cytokine storm, 
acute lung damage progresses to ARDS accompanied 
by multi-organ failure, followed by death [4]. The devel-
opment of COVID-19-associated ARDS (CARDS) has 
shown inter-individual differences in terms of risk and 
clinical outcomes. Plasma cytokine levels were found to 
be associated with the clinical severity of CARDS [5, 6, 
7, 8–10]. Pharmacogenetic variations have been shown 
to affect the response of COVID-19 patients as well [11]. 
Polymorphisms in genes related to pulmonary protec-
tion, innate immune response, and inflammation have 
been reported to be associated with clinical outcomes 
in SARS-CoV-2 [5, 12–15] infections other than those 
related to ARDS [16, 17]. More attention was brought 
to studying the interaction between IL-10 alleles with 
the tumor necrotic factor alpha (TNFa) alleles, for their 
opposing roles [18, 19]. Three polymorphisms; the IL-
10; the − 592  C > A (rs1800872) and IL-10 -1082  A > G 
(rs1800896) and the TNFa; -308 G > A (rs1800629) 
were found to correlate with susceptibility and clini-
cal progress of different viral infections [18, 20–23] and 
as predictors for severity and mortality in patients with 
COVID-19 [3]. The − 592  C > A and − 1082  A > G poly-
morphisms of the IL-10 gene lie within a negative regula-
tory region that binds to ETS and STAT-3 transcription 
factors, respectively [24, 25] while the TNFa − 308 G > A 
polymorphism is a regulatory variant that functionally 
impacts TNFa expression depending on the type of stim-
ulus and the cell type [24]. Different populations have 
been evaluated for the impact of these polymorphisms 
[12, 13] on clinical outcomes and severity yet no studies 
were conducted in Egyptian populations. Thus, we were 
interested in investigating the association between the 
same polymorphisms and susceptibility to COVID-19 
infection, clinical outcomes and response to remdisivir, 
in an Egyptian cohort.

Materials and methods
Ethical considerations
The study was approved by the Ethics Committee of the 
School of Medicine Suez Canal University (#4425). It 
was conducted in compliance with the ethical principles 
of the Helsinki Declaration for medical research involv-
ing human subjects. All participants provided written 
informed consent.

Specimens and patient data
One hundred and ten inpatients with COVID-19 and 
110 healthy controls were included. Samples were col-
lected through the time frame between April and July 
2021, from the Suez Canal Medical School Hospitals. 
Sample size was calculated using the following equation: 
n= [(Zα/2)/E]2 *P(1-p),where: n = sample size, Zα/2 = 1.96 
(The critical value that divides the central 95% of the Z 
distribution from the 5% in the tail), P = the prevalence 
of SARS-CoV2 = 0.1% (as confirmed by the WHO for 
December 2020 divided by the Egyptian population in 
December 2020) (https://covid19.who.int/region/emro/
country/eg). E = Margin of error (= Width of confidence 
interval) = 5%. Patients of both genders were randomly 
selected.

COVID-19 was diagnosed based on a chest computed 
tomography (CT) scan (multiple bilateral ground-glass 
opacities mainly in the periphery), then nasopharyn-
geal specimens were confirmed for SARS-CoV-2, using 
molecular PCR assay (Viasure, CerTest Biotec) [26]. For 
COVID-19 patients, inclusion criteria included a con-
firmed diagnosis. Controls were documented as COVID-
19 negative, matched for age, gender, and demographics, 
and free from severe respiratory conditions. Exclusion 
criteria for controls involve a history of COVID-19 and 
chronic diseases unless of specific interest.

Clinical data
Clinical data were collected from patients’ records. 
Symptom-onset date and comorbidities (hypertension, 
diabetes, chronic kidney disease (CKD), coronary heart 
disease (CHD), or chronic liver disease (CLD)) were col-
lected using a questionnaire filled by the physician at 
patient’s admission. At the time of diagnosis, all COVID-
19 patients had routine tests such as a complete blood 
count, C-reactive protein (CRP), D-dimer, serum ferritin, 
and lactate dehydrogenase (LDH) [27] and severity was 
classified as severe versus non-severe based on cut-off 
values [28]. Patients with pulmonary infiltrates above 
50% on CT of the lung were considered severely affected. 
The need for high flow oxygen therapy; > 40% (by nasal 
cannula, oxygen face mask, or venturi mask, or continu-
ous positive airway pressure via non-invasive CPAP) was 
used to determine the severity of respiratory symptoms 
[29]. The pO2 levels of all patients was monitored during 
their stay in the hospital.

Antiviral treatment
To investigate the relationship between the response of 
patients to remdesivir treatment and the polymorphisms, 
we studied the response of patients to remdesivir treat-
ment (n = 30) in different polymorphisms and compared 
to non remdesivir treated patients (n = 81) in regard to 
CT picture, laboratory findings, and survival. The data of 

https://covid19.who.int/region/emro/country/eg
https://covid19.who.int/region/emro/country/eg
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other drugs that were prescribed to the patients such as 
tocilizumab, antimicrobials, corticosteroids, anticoagu-
lants, were also collected.

Genotyping assays
Peripheral blood was collected from each patient and 
DNA was extracted using the GeneJET Whole Blood 
Genomic DNA Purification Minikit (Thermo Scien-
tific, inc) according to the manufacturer’s instructions. 
Genotyping was done using TaqMan SNP assays for 
Interleukin-10 SNPs; rs1800872(ID_ C___1747363_10), 
rs1800896 (ID_ C___1747360_10 ) and TNFa SNP 
rs1800629(ID_ C___7514879_10) (Applied Biosystems, 
Foster City, CA).

Statistical analysis
Different genotypes of IL10 and TNFa were compared in 
terms of disease severity, laboratory findings, response 
to treatment, and final outcome after genotyping. IBM 
SPSS 2013 was used to analyze the data. SNP stat, was 
used to identify polymorphisms. Using Hardy-Weinberg 
equilibrium, we compared group genotype distributions 
to the population’s overall genotype distributions. The 
significance of the obtained results was set at 0.05. To 
calculate the percent of survival in Remdesivir treated 
versus the non remdesivir- treated patients in different 
polymorphisms, the number of the patients survived 
after treatment with or without remdesivir treatment in 
each polymorphism was divided by the total number of 
patients in each polymorphism in each group and this 
number was multiplied by 100. The significance of the 
percentage of patient survival among the different alleles 
in each polymorphism and in the remdesivir treated 
group versus the non remdesivir treated was analyzed by 
ANOVA.

Results
Characteristics of studied groups and genotype 
distribution within COVID-19 patients
This way a case-control study including 110 COVID-19 
patients matched with age and gender to 110 healthy 
individuals. The patients’ group had comorbidities like 
diabetes, hypertension, heart diseases, chronic liver dis-
eases, and chronic kidney diseases while individuals 
within the control group were completely free (Table S1).

The mean age of the studied patients was 57 ± 15.2 in 
cases versus 56.6 ± 14.5 in controls. PCR positive patients 
represented 80% of cases, and a significant positive asso-
ciation was only observed between positive PCR and 
TNFa rs1800629 genotypes (p < 0.05). A significant dif-
ference was observed with the genotypes of TNFa poly-
morphism and hypertension (p = 0.04) (Table  1). On 
comparing different genotypes with laboratory results, 
no significant difference was observed between groups 

except for the GG versus the GA genotypes of the IL-10 
gene polymorphism; rs1800896 (− 1082), where a signifi-
cant difference was observed between low lymphocyte 
count and increased CRP (p < 0.05) (Table 1).

Alleles/Genotype frequencies and distribution of IL10 and 
TNFa polymorphisms under different inheritance models
The genotype distribution among the patients versus the 
control groups are shown in Table  2. The AA genotype 
of IL-10 (-592) (rs1800872) showed significantly higher 
frequency among the patients compared to the control 
group (p < 0.001). Hardy–Weinberg equilibrium was 
found among controls but not among the cases. Under 
all models, the mutant A allele frequency was higher 
in COVID − 19 patients than in healthy individuals 
(Table 3).

For the second IL-10 polymorphism, (− 1082) 
(rs1800896), a higher frequency of the wild type A 
(70%) allele and AA genotype (63%) in patients as com-
pared to healthy individuals, was observed (Table  2). 
Hardy–Weinberg equilibrium was only observed in cases 
(p < 0.001). Under multiple models, the G allele and GA 
genotypes were associated with a lower risk of develop-
ing COVID-19 disease (Table  3). TNFa polymorphism 
was tested, and only two genotypes were detected: the 
AG and GG. The wild-type allele G was present in 100% 
of healthy individuals and 91% of patients (p = 0.0079). 
The GA genotype was more prevalent in patients than in 
healthy subjects (p = 0.0065, OR = 50.0608, CI = 2.9863 to 
839.1787) (Table 2).

Haplotype distribution of IL-10 and TNFa polymorphisms
Further haplotype association analysis was done for the 
genetic polymorphisms under investigation, and the risk 
of developing COVID-19 (Table  4). The haplotypes for 
the IL-10 polymorphisms showed that the CG haplotype 
was more frequent in COVID-19 patients (p < 0.0001, 
OR = 16.97, CI = 6.36–45.29). Then, the TNFa polymor-
phism haplotype was evaluated along with the IL-10 
alleles. The AAG was the prevalent haplotype in healthy 
individuals as compared to patients with COVID-19, 
with CGG haplotype showing higher frequency in 
COVID-19 patients (p < 0.0001, OR = 14.96, CI = 5.55–
40.32). Other haplotypes did not show significant asso-
ciations (Table 4).

Association of inheritance models of IL-10 and TNFa SNPs 
with clinical outcomes in patients with COVID-19 disease
Being involved in cytokine storm [30], we evaluated the 
association of genotypes with the serum ferritin and 
D-dimer results in addition to the radiological findings, 
and oxygen support. Table  5 shows the distribution of 
different models of inheritance and odds ratios were cal-
culated between severe versus non-severe cases.
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Under the additive inheritance model, the IL-10 
polymorphisms (− 1082) showed non-significant asso-
ciation with severe HCRT finding (p = 0.45, OR = 1.64, 
CI = 1.01–2.66) while severe COVI-19, based on D-dimer 
levels, was associated with the recessive model (p = 0.02, 
OR = 3.5, CI = 1.10–11.0). Although the TNFa polymor-
phism (-308) didn’t show any association with clinical 
and laboratory severity findings, the AG genotype was 
associated with favorable outcomes and patients’ survival 
on discharge (p = 0.024, OR = 3.3(1.16–9.54)4.29, CI = 1.2–
15.3), unlike the IL-10 polymorphisms (Table 6).

After adjustment of interventional parameters and 
comorbidities, a strong association with survival out-
come was observed with the AGG (p = 0.019, OR = 3.92, 
CI = 1.28–12.04) and the AAA haplotypes (Table 7).

 Association with clinical outcomes; whether deceased 
or survived were analyzed (based on data availability), 
after adjustment to remdisivir treatment (Table S2). The 
AG genotype associated with the TNFa polymorphism 
showed protective effect (p = 0.022, CI = 0.25 (0.08–0.81).

Discussion
 The innate immune response is recognized as the pri-
mary line of defense against viral infections, includ-
ing SARS-CoV-2 and MERS. Severe lung damage and 
elevated mortality rates in these infections are associ-
ated with increased levels of both anti-inflammatory 
and pro-inflammatory cytokines, along with heightened 
counts of neutrophils and monocyte-macrophages [31, 
32]; [33, 34]. Limited studies have delved into the genetic 
variations of the host innate immune status in COVID-
19 patients [12, 13]. o In this study, the focus is on the 
association between IL-10 and TNFa promoter polymor-
phisms and susceptibility to clinical outcomes in SARS-
CoV-2 infections.The frequencies of IL-10 -592 A and C 
alleles were 0.55 and 0.45, respectively, resembling the 
East Asian population but differing from the African 
population where the C allele predominated over 0.5. 
IL-10 -1082 A and G allele frequencies were 0.66 and 
0.34, respectively, consistent with African populations 
and global frequencies of 0.7 and 0.3, respectively. TNFa-
308 allele frequencies were 0.95 for the G allele and 0.05 
for the A allele, resembling some American populations, 
east and south Asian populations, and the global fre-
quency [24]. Notably, our data were different from Saleh 

Table 2  Genotype distribution of IL-10 and TNFa polymorphisms in COVID-19 patients versus healthy subjects
Gene SNP_ID Alleles and Genotype Cases n = 110 (%) Controls n = 110(%) Adjusted OR* 

(95% CI)
p value**

IL-10 rs1800872
(− 592)

A 150(68) 92(42) Reference

C 70 (32) 128(58) 2.9814
(2.0181 to 4.4043)

p < 0.0001

CC 7(6) 24(22) Reference
CA 56(51) 80(73) 0.0734(0.0291 to 0.1849) p < 0.0001
AA 47(43) 6(5) 0.0372 (0.0113 to 0.1232) p < 0.0001

X2HWE***
(p-value)

0.083 < 0.0001

IL-10 rs1800896
(− 1082)

A 152(70) 136(62) Reference

G 64(30) 84(38) 0.6817(0.4574 to 1.0161) p = 0.0599
AA 68(63) 37(34) Reference
GA 16(15) 62(56) 0.1404(0.0711 to 0.2772) p = 0.0599
GG 24(22) 11(10) 1.1872(0.5238 to 2.6909) p = 0.6811

X2 HWE
(p-value)

< 0.0001 0.068

TNFa rs1800629
(-308)

G 200(91) 220(100) Reference -

A 20(9) 0 45.0898 (2.7093 to 750.4146) p = 0.0079
GG 90 (81.8) 110 (100) Reference
GA 20 (18.2) 0 (0) 50.0608(2.9863 to 839.1787) p = 0.0065
AA 0 0 1.2210(0.0240 to 62.1470) p = 0.9207

X2 HWE
(p value)

0.6 1

CI, Confidence interval; IL-10: Interleukin 10, TNFa: Tummor necrotic factor alpha; *OR, odds ratio

**p value < 0.05 was considered as significant. Age, gender and comorbid diseases were considered as confounding variables to derive the adjusted odds ratio. 
***X2HWE: Hardy Weinberg Equilibrium using Chisquare
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et al. [20] where similar polymorphisms were analyzed in 
another Egyptian population and G allele of TNFa-308 
frequency didn’t exceed 0.5(0.4), while the A allele was 
0.6, which might be explained by their bigger sample size. 
Our results have also shown that susceptibility to SARS-
CoV-2 infection was associated with all the genotypes of 
IL-10 -592 C > A polymorphism, with the C allele favoring 
protection against infection which was consistent with 

different viral infections [35]. Additionally, the A-allele 
was associated with higher IL-10 serum levels and hence, 
was considered a predictor of HBV recovery and with 
HIV susceptibility, especially in the dominant model [36] 
while the C containing genotypes have shown increased 
risk for viral infections, in both hetero and homozygote 
states([37] ([38]) [23, 39].

Interestingly, the GA genotype of IL-10-1082 A > G had 
a significant association with case fatality in influenza A/
H1N1pdm09 infections in Indian patients [22, 40] and 
other viruses [41]. A possible explanation to the associa-
tion of the IL-10 polymorphisms, the AA in IL-10 -592 
and the GG in IL-10 -1082, with viral infection suscep-
tibility/persistence, is that the increase in IL-10 serum 
levels exerts sustained inhibitory effects on immune 
cells that are responsible for viral clearance [42]. On 
the contrary, no association was observed between the 
IL-10 polymorphisms and the Mediterranean spotted 
fever [43] dengue virus [44, 45] and hepatitis sustained 
viral responses [46, 47]. Our results of diminished AA 
genotype of the TNFa − 308G > A polymorphism were 
consistent with other studies on different populations 
such as the Sicilian patients (1.2%) [43] and the Chinese 
patients (1%) [47], but not with another Egyptian popu-
lation where the AA genotype had a prominent pres-
ence among patients (32.0%) and was associated with an 

Table 3  Genotype frequencies of IL-10 studied SNPs in COVID-19 patients versus healthy subjects under different inheritance models
SNP-ID Model Genotypes COVID-19 patients(n = 110)

(%)
Healthy subjects (n = 110) (%) OR* 

(95% CI)
p- value**

rs1800872 Co dominant AA 46(42.2) 6 (5.5) 1.00
CA 56(51.4) 80 (72.7) 11.20 

(4.44–28.23)
< 0.0001

CC 7(6.4) 24 (21.8) 25.93 
(7.76–86.60)

Dominant AA 46 (42.2%) 6 (5.5%) 1.00
CA + CC 63 (57.8%) 104 (94.5%) 12.89 

(5.17–32.16)
< 0.0001

Recessive AA + CA 102 (93.6) 86 (78.2%) 1.00
CC 7 (6.4) 24 (21.8%) 3.95 (1.61–9.68) < 0.0001

Over Dominant AA + CC 53 (48.6) 30 (27.3) 1.00
CA 56 (51.4) 80 (72.7) 2.60 (1.47–4.60) < 0.0001

Log-additive --- --- --- 5.68 
(3.09–10.43)

< 0.0001

rs1800896 Co dominant AA 68 (63%) 37 (33.6%) 1.00
GA 16 (14.8%) 62 (56.4%) 7.12 (3.61–14.06) < 0.0001
GG 24 (22.2%) 11 (10%) 0.84 (0.37–1.91)

Dominant AA 68 (63%) 37 (33.6%) 1.00
GA + GG 40 (37%) 73 (66.4%) 3.35 (1.92–5.85) < 0.0001

Recessive AA + GA 84 (77.8%) 99 (90%) 1.00
GG 24 (22.2%) 11 (10%) 0.39 (0.18–0.84) 0.013

Over Dominant AA + GG 92 (85.2%) 48 (43.6%) 1.00
GA 16 (14.8%) 62 (56.4%) 7.43 (3.87–14.24) < 0.0001

Log-additive --- --- 1.38 (0.95–1.99) 0.085
*OR, odds ratio., CI, Confidence interval, **p value < 0.05 was considered as significant. Age and gender were considered as confounding variables to derive the 
adjusted odds ratio

Table 4  Haplotype frequencies and distribution of IL-10 and 
TNFa in COVID-19 patients versus healthy subjects (n = 220)
IL-10 
(-592)

IL-10 
(-1082)

Frequency OR (95% CI) p-value

A A 0.4456 1.00 ---
C G 0.2388 16.97 (6.36–45.29) < 0.0001
C A 0.2112 1.72 (0.84–3.54) 0.14
A G 0.1044 0.00 (-Inf - Inf ) 1
IL-10
haplotypes

TNFa
(-308)

Frequency OR (95% CI) p-value

H1(AA) G 0.4277 1.00 ---
H2(CG) G 0.2398 14.07 (5.28–37.50) < 0.0001
H3(CA) G 0.2004 1.72 (0.82–3.59) 0.15
H4(AG) G 0.0866 0.00 (-Inf - Inf ) 1
OR, un-adjusted odds ratio, CI, Confidence interval, p value < 0.05 was 
considered as significant. Global haplotype association p-value: <0.0001. 
Haplotypes for the IL-10 polymorphisms are in the first part. No significant OR 
were identified with TNF1 A allele
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aggressive disease outcome [20]. A significantly higher 
frequency of TNFa − 308G > A polymorphism genotype 
was associated with severity in Influenza A/H1N1pdm09 
in Indian patients [22]. We show that the G allele con-
fers protection to symptomatic COVID-19 in contrary 
to dengue virus where the A allele was protective. While 
the GA genotype of TNFa − 308 was protective against 
dengue virus infection, it was significantly associated 
with COVID-19 infection. In addition, the A allele of 
TNFa − 308G > A was protective against TTV [23]. In this 
study, CRP, leucocyte and lymphocytes count, D-dimer, 
ferritin levels, and LDH levels were tested. High lev-
els of CRP and low lymphocytes in COVID-19 patients 
showed significant differences between the different IL-
10 -1082 A > G polymorphisms, specifically between AG 
and GG genotypes (p < 0.05) which was consistent with 
other studies on the effect of these polymorphisms on 

the CRP levels land lymphocytes’ counts in viral-induced 
encephalitis [37]. Noteworthy, the risk of venous throm-
bosis was found to be associated with the IL-10 promoter 
polymorphisms; -592 and − 1059, through down-regula-
tion to tissue factor (TF) expression [48]. This is consis-
tent with our results where, the IL-10-1082 GG genotype 
is significantly associated with higher hypercoagulabil-
ity status of the patients, as indicated by D-dimer levels. 
Studying the effect of IL-10 polymorphisms and TNFa 
on the risk of ARDS, showed inconsistent results. The IL-
10 -1082 GG genotype was significantly associated with 
an increased ARDS odds (< 52 years of age) [49]. This 
was consistent with our data where a significant asso-
ciation of the additive model of IL-10 -1082, with severe 
HRCT results was observed. We found that there is no 
association between the IL-10 -509 polymorphism and 
the ARDS development. Similarly, there is currently no 

Table 5  Association of inheritance models of IL-10 and TNFa SNPs with clinical and laboratory severity*
SNP_ID Model Genotype OR(CI) (p value)

O2 therapy HRCT Ferritin D-Dimer
rs1800872 Co dominant AA 1.00 1.00 1.00 1.00

CA 0.95 (0.41–2.21)
(0.98)

0.47 (0.20–1.10)
(0.12)

0.62 (0.19–2.06)
(0.37)

1.10 (0.49–2.49)
(0.91)

CC 0.85 (0.15–4.91) 0.25 (0.03–2.21) 1.90 (0.50–7.27) 1.42 (0.25–8.11)
Dominant AA 1.00 1.00 1.00 1.00

CA + CC 0.94 (0.42–2.13)
(0.89)

0.44 (0.19–1.01)
(0.051)

1.10 (0.42–2.90)
(0.84)

1.13 (0.51–2.50)
(0.76)

Recessive AA + CA 1.00 1.00 1.00 1.00
CC 0.88 (0.16–4.75)

(0.88)
0.36 (0.04–3.11)
(0.3)

2.11 (0.57–7.82)
(0.23)

1.34 (0.25–7.27)
(0.73)

Over dominant AA + CC 1.00 1.00 1.00 1.00
CA 0.97 (0.43–2.19)

(0.95)
0.54 (0.23–1.24)
(0.14)

0.54 (0.17–1.73)
(0.31)

1.06 (0.48–2.32)
(0.89)

Log additive 0.94 (0.48–1.85)
(0.86)

0.48 (0.23–0.99)
(0.04)

1.23 (0.68–2.22)
(0.49)

1.14 (0.59–2.21)
(0.69)

rs1800896 Co dominant AA 1.00 1.00 1.00 1.00
GA 2.02 (0.66–6.14)

(0.15)
1.87 (0.59–5.97)
(0.13)

0.47 (0.14–1.66)
(0.32)

0.94 (0.32–2.77)
(0.066)

GG 2.44 (0.92–6.46) 2.64 (0.99–7.05)
(0.13)

1.62 (0.41–6.36)
(0.32)

3.46 (1.07–11.19)
(0.066)

Dominant AA 1.00 1.00 1.00 1.00
GA + GG 2.26 (0.99–5.16)

(0.053)
2.31 (0.99–5.36)
(0.051)

0.90 (0.33–2.46)
(0.84)

1.86 (0.80–4.31)
(0.14)

Recessive AA + GA 1.00 1.00 1.00 1.00
GG 2.08 (0.82–5.29)

0.13
2.31 (0.90–5.91)
(0.084)

1.91 (0.50–7.21)
(0.32)

3.50 (1.10–11.10)
(0.02)

Over dominant AA + GG 1.00 1.00 1.00 1.00
GA 1.55 (0.53–4.49)

0.42
1.40 (0.46–4.24)
(0.56)

0.42 (0.12–1.43)
0.18)

0.71 (0.25–2.06)
(0.54)

Log additive 1.64 (1.01–2.66)
(0.45)

1.12 (0.61–2.04)
(0.71)

1.63 (0.96–2.76)
(0.06)

rs1800629 --- GG 1.00 1.00 1.00 1.00
--- AG 1.56 (0.57–4.24)

(0.39)
0.73 (0.24–2.20)
(0.56)

1.09 (0.32–3.73)
(0.89)

1.29 (0.45–3.68)
(0.63)

*HRCT: high resolution compute topography. OR, odds ratio adjusted to Gender and age. Severe versus non-severe odds were compared. CI, Confidence interval, p 
value < 0.05 was considered as significant
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reported association between IL-10-509 polymorphisms 
and the ARDS development. There was no association 
between IL-10 and TNFa polymorphisms and intersti-
tial lung fibrosis [27]. Our results showed a significant 
association between COVID-19 and either the − 592/-
1082 (CG) haplotype or the − 592/-1082/-308(CGG) 
haplotypes, which was similar to CG disease association 
in Caucasians [49] Not only this, but also, we found a 
strong association between the − 592/-1082/-308 AGG 
and AAA haplotypes and favorable outcomes. A similar 
risk has been reported between the IL-10 AA haplotypes 
and the outcome of EBV [42]. The SARS-CoV-2 antiviral 

treatment; Remdivir, has been used for its anti-inflam-
matory effect. Although better survival outcomes were 
associated with remdesivir treatment. One limitation in 
this study, especially for the investigation to the response 
of the patients to remdesivir therapy, is the small sam-
ple size for the patients on remdesivir treatment. This is 
because remdesivir is not given as a routine therapy for 
all COVID-19 patients, but it is reserved to those who are 
severely ill. However, the normal distribution of the data 
between the treated and the non-treated group allowed 
for the comparison between the 2 groups. Deviation 
from Hardy-Weinberg equilibrium is another limitation 

Table 6  Association between IL-10 and TNFa SNPs with condition at discharge
SNP_ID Model Genotypes Survived

(n = 87)
(%)

Deceased (n = 23) (%) OR* 
(95% CI)

p- value**

rs1800872 Co dominant AA 35 (40.2%) 12 (52.2%) 1.00
CA 45 (51.7%) 11 (47.8%) 0.67 (0.23–1.98) 0.27
CC 7 (8.1%) 0 (0%) 0.00 (0.00-NA)

Dominant AA 35 (40.2%) 12 (52.2%) 1.00 0.37
CA + CC 52 (59.8%) 11 (47.8%) 0.61 (0.21–1.80)

Recessive AA + CA 80 (92%) 23 (100%) 1.00 0.15
CC 7 (8.1%) 0 (0%) 0.00 (0.00-NA)

Over Dominant AA + CC 42 (48.3%) 12 (52.2%) 1.00 0.68
CA 45 (51.7%) 11 (47.8%) 0.80 (0.27–2.31)

Log-additive --- --- --- 0.55 (0.20–1.47) 0.23
X2 HWE***
(p value)

0.23 0.28

rs1800896 Co dominant AA 57 (65.5%) 11 (47.8%) 1.00 0.42
GA 13 (14.9%) 4 (17.4%) 0.70 (0.14–3.40)
GG 17 (19.5%) 8 (34.8%) 1.94 (0.57–6.58)

Dominant AA 57 (65.5%) 11 (47.8%) 1.00 0.59
GA + GG 30 (34.5%) 12 (52.2%) 1.35 (0.46–3.97)

Recessive AA + GA 70 (80.5%) 15 (65.2%) 1.00 0.21
GG 17 (19.5%) 8 (34.8%) 2.11 (0.66–6.76)

Over Dominant AA + GG 74 (85.1%) 19 (82.6%) 1.00 0.42
GA 13 (14.9%) 4 (17.4%) 0.55 (0.12–2.49)

Log-additive --- --- --- 1.35 (0.73–2.50) 0.34
X2 HWE
(p value)

--- --- < 0.0001 < 0.0001

rs1800629 --- GG 75 (86.2%) 15 (65.2%) 1.00 ---
--- AG 12 (13.8%) 8 (34.8%) 3.3(1.16–9.54) 0.024

X2 HWE
(p value)

--- 1 1 - - -

*OR, odds ratio adjusted to Gender, Remdisvir, Actmra, anticoagulants, corticosteroids and antibiotic prescription. CI, Confidence interval, p value < 0.05 was 
considered as significant

Table 7  Haplotype association with survival on discharge
rs1800872 rs1800896 rs1800629 Freq OR (95% CI)* P-value OR (95% CI)** P-value

1 A A G 0.4498 1.00 --- 1.00 ---
2 C A G 0.187 1.60 (0.39–6.53) 0.52 1.84 (0.48–7.11) 0.38
3 A G G 0.1764 1.83 (0.59–5.65) 0.3 3.92 (1.28–12.04) 0.019
4 C G G 0.0959 0.08 (0.00–3.15) 0.18 0.00 (-Inf - Inf ) 1
5 A A A 0.0324 14.25 (1.14–177.79) 0.042 24.67 (1.51–401.63) 0.027
*n = 110, adjusted by Gender + Remd + Actmra + Anticog + Corts + Antib, ** adjusted by DM + HTN + IHD + CKD + CLD, p value < 0.05 was considered as significant
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that can be justified by considering factors such as selec-
tion pressure, population substructure, migration, muta-
tion, genetic drift, and genotyping errors. Bigger sample 
size and more robust genotyping is recommended to vali-
date our results. Elaborated studies on other cytokines, 
IL-6 and INF gamma, and their correlation/association 
to COVID-19 clinical outcomes need to be done. Our 
data is the first to unravel the association between poly-
morphisms in IL-10 gene promoter and COVID-19 in an 
Egyptian population, which gives insight into the genetic 
diversity of immune responses towards SARS-COV2. We 
provided complementary evidence to the role of TNFa-
308 polymorphism in a different Egyptian population 
[20] and were consistent with findings in Iranian popu-
lation [50]. In conclusion, this study sheds light on the 
genetic determinants influencireatment response, and 
clinical outcomes in SARS-CoV-2 infection. The iden-
tification of specific polymorphisms in genes related to 
inflammatory responses not only allows for risk stratifi-
cation and personalized treatment approaches but also 
aids in predicting disease severity and assessing survival 
outcomes. These findings provide a foundation for indi-
vidualized patient management, with the potential to 
optimize resource allocation, enhance monitoring strate-
gies, and improve overall clinical decision-making. While 
these genetic insights offer valuable contributions to the 
understanding of COVID-19, further research and vali-
dation are imperative for the translation of these findings 
into routine clinical practice, ensuring their applicability 
across diverse populations.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12920-023-01793-4.

Supplementary Material 1

Acknowledgements
We thank Dr. Yasser Elwazir, Director of Center of Excellence, Suez Canal 
Faculty of Medicine, for access to the Molecular core.

Author contributions
Eldesouki RE: Conceptualization, Methodology, Data analysis, Writing drafts 
and Project management. Kishk R: Sample collection and writing. Mahran 
RI: conceptualization, data analysis, and editing. Kamel N; Sample collection, 
data curation, and Writing- Original draft preparation. Riad E and Nemr N: 
Clinical data and Sample collection, data analysis, and writing. Abd El-Fadeal 
NM; Methodology, investigation, data analysis, and reviewing and editing. 
Kish S: Data analysis and writing a final draft. Mohammed EA: Methodology, 
supervision, and final draft writing.

Funding
The co-authors have funded this research. No funding has been received from 
any institutes or funding bodies.

Data availability
All data generated or analyzed during this study are included in this published 
article (and its supplementary information files).

Declarations

Ethics approval and consent to participate
Approval by the Ethics Committee of the School of Medicine Suez Canal 
University was obtained in compliance with the ethical principles of the 
Helsinki Declaration for medical research involving human subjects. All 
participants provided written informed consent (Code: 4425).

Consent to participate
All authors agreed with the content and that all gave explicit consent to 
submit and that an ethical approval was obtained consent from the Suez-
Canal University Committee of ethics, where the work has been carried out, 
before the work is submitted.

Consent to publish
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 28 October 2023 / Accepted: 31 December 2023

References
1.	 Pfortmueller CA, Spinetti T, Urman RD, Luedi MM, Schefold JC. COVID-19-as-

sociated acute respiratory distress syndrome (CARDS): current knowledge on 
pathophysiology and ICU treatment - A narrative review. Best Pract Res Clin 
Anaesthesiol. 2021;35:351–68.

2.	 Mulchandani R, Lyngdoh T, Kakkar AK. Deciphering the COVID-19 cytokine 
storm: systematic review and meta-analysis. Eur J Clin Invest. 2021;51:e13429.

3.	 Udomsinprasert W, Jittikoon J, Sangroongruangsri S, Chaikledkaew U. 
Circulating levels of Interleukin-6 and Interleukin-10, but not tumor necrosis 
Factor-Alpha, as potential biomarkers of severity and mortality for COVID-19: 
systematic review with Meta-analysis. J Clin Immunol. 2021;41:11–22.

4.	 Ragab D, Salah Eldin H, Taeimah M, Khattab R, Salem R. The COVID-19 cyto-
kine storm; what we know so far. Front Immunol. 2020;11:1446.

5.	 Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, Zhang L, Fan G, Xu J, Gu X, 
Cheng Z, Yu T, Xia J, Wei Y, Wu W, Xie X, Yin W, Li H, Liu M, Xiao Y, Gao H, 
Guo L, Xie J, Wang G, Jiang R, Gao Z, Jin Q, Wang J, Cao B. Clinical features 
of patients infected with 2019 novel coronavirus in Wuhan, China. Lancet. 
2020;395:497–506.

6.	 Oberholzer A, Oberholzer C, Moldawer LL. Interleukin-10: a complex role in 
the pathogenesis of sepsis syndromes and its potential as an anti-inflamma-
tory drug. Crit Care Med. 2002;30:58–63.

7.	 Latifi SQ, O’Riordan MA, Levine AD. Interleukin-10 controls the onset of 
irreversible septic shock. Infect Immun. 2002;70:4441–6.

8.	 Simmons EM, Himmelfarb J, Sezer MT, Chertow GM, Mehta RL, Paganini EP, 
Soroko S, Freedman S, Becker K, Spratt D, Shyr Y, Ikizler TA, Group PS. Plasma 
cytokine levels predict mortality in patients with acute renal failure. Kidney 
Int. 2004;65:1357–65.

9.	 Igonin AA, Armstrong VW, Shipkova M, Lazareva NB, Kukes VG, Oellerich M. 
Circulating cytokines as markers of systemic inflammatory response in severe 
community-acquired pneumonia. Clin Biochem. 2004;37:204–9.

10.	 Marchant A, Deviere J, Byl B, De Groote D, Vincent JL, Goldman M. Interleu-
kin-10 production during septicaemia. Lancet. 1994;343:707–8.

11.	 Fricke-Galindo I, Falfan-Valencia R. 2021. Pharmacogenetics Approach for the 
Improvement of COVID-19 Treatment. Viruses 13.

12.	 Heidari Nia M, Rokni M, Mirinejad S, Kargar M, Rahdar S, Sargazi S, Sarhadi 
M, Saravani R. Association of polymorphisms in tumor necrosis factors with 
SARS-CoV-2 infection and mortality rate: a case-control study and in silico 
analyses. J Med Virol. 2022;94:1502–12.

13.	 Ali HN, Niranji SS, Al-Jaf SMA. Association of tumor necrosis factor alpha– 308 
single nucleotide polymorphism with SARS CoV-2 infection in an Iraqi kurd-
ish population. J Clin Lab Anal. 2022;36:e24400.

14.	 Giannitrapani L, Augello G, Mirarchi L, Amodeo S, Veronese N, Sasso BL, 
Giglio RV, Licata A, Barbagallo M, Ciaccio M, Cervello M, Soresi M. Outcome 
predictors in SARS-CoV-2 disease (COVID-19): the prominent role of IL-6 levels 
and an IL-6 gene polymorphism in a western sicilian population. J Infect. 
2022;85:174–211.

https://doi.org/10.1186/s12920-023-01793-4
https://doi.org/10.1186/s12920-023-01793-4


Page 10 of 11Eldesouki et al. BMC Medical Genomics           (2024) 17:40 

15.	 Al-Eitan LN, Alahmad SZ. Pharmacogenomics of genetic polymorphism 
within the genes responsible for SARS-CoV-2 susceptibility and the drug-
metabolising genes used in treatment. Rev Med Virol. 2021;31:e2194.

16.	 Marshall RP, Webb S, Bellingan GJ, Montgomery HE, Chaudhari B, McAnulty 
RJ, Humphries SE, Hill MR, Laurent GJ. Angiotensin converting enzyme 
insertion/deletion polymorphism is associated with susceptibility and 
outcome in acute respiratory distress syndrome. Am J Respir Crit Care Med. 
2002;166:646–50.

17.	 Garred P, Quist JJS, Taaning L, Madsen E HO. Association of mannose-binding 
lectin polymorphisms with sepsis and fatal outcome, in patients with sys-
temic inflammatory response syndrome. J Infect Dis. 2003;188:1394–403.

18.	 Lio D, Caruso C, Di Stefano R, Colonna Romano G, Ferraro D, Scola L, Crivello 
A, Licata A, Valenza LM, Candore G, Craxi A, Almasio PL. IL-10 and TNF-alpha 
polymorphisms and the recovery from HCV infection. Hum Immunol. 
2003;64:674–80.

19.	 Ben-Selma W, Harizi H, Boukadida J. Association of TNF-alpha and IL-10 
polymorphisms with tuberculosis in Tunisian populations. Microbes Infect. 
2011;13:837–43.

20.	 Saleh A, Saed AM, Mansour M. Association of IL-10 and TNF-α polymorphisms 
with risk and aggressiveness of hepatocellular carcinoma in patients with 
HCV-related cirrhosis. https://doi.org/10.1186/s43066-020-00052-w.

21.	 Aroucha DC, Carmo RF, Vasconcelos LR, Lima RE, Mendonca TF, Arnez LE, 
Cavalcanti Mdo S, Muniz MT, Aroucha ML, Siqueira ER, Pereira LB, Moura P, 
Pereira LM, Coelho MR. TNF-alpha and IL-10 polymorphisms increase the 
risk to hepatocellular carcinoma in HCV infected individuals. J Med Virol. 
2016;88:1587–95.

22.	 Choudhary ML, Alagarasu K, Chaudhary U, Kawale S, Malasane P, Gurav YK, 
Padbidri V, Kadam D, Sangle SA, Salvi S, Bavdekar AR, D’Costa P, Chadha MS. 
Association of Single Nucleotide Polymorphisms in TNFA and IL10 genes with 
Disease Severity in Influenza A/H1N1pdm09 Virus infections: a study from 
Western India. Viral Immunol. 2018;31:683–8.

23.	 Ramzi M, Arandi N, Zarei T, Saadi MI, Yaghobi R, Moghadam M, Geramizadeh 
B. Genetic variation of TNF-alpha and IL-10, IL-12, IL-17 genes and association 
with torque teno virus infection post hematopoietic stem cell transplanta-
tion. Acta Virol. 2019;63:186–94.

24.	 Howe KL, Achuthan P, Allen J, Allen J, Alvarez-Jarreta J, Amode MR, Armean 
IM, Azov AG, Bennett R, Bhai J, Billis K, Boddu S, Charkhchi M, Cummins C, Da 
Rin Fioretto L, Davidson C, Dodiya K, El Houdaigui B, Fatima R, Gall A, Garcia 
Giron C, Grego T, Guijarro-Clarke C, Haggerty L, Hemrom A, Hourlier T, Izuogu 
OG, Juettemann T, Kaikala V, Kay M, Lavidas I, Le T, Lemos D, Gonzalez Marti-
nez J, Marugan JC, Maurel T, McMahon AC, Mohanan S, Moore B, Muffato M, 
Oheh DN, Paraschas D, Parker A, Parton A, Prosovetskaia I, Sakthivel MP, Salam 
AIA, Schmitt BM, Schuilenburg H, Sheppard D, et al. Ensembl 2021. Nucleic 
Acids Res. 2021;49:D884–91.

25.	 Hyun MH, Lee CH, Kang MH, Park BK, Lee YH. Interleukin-10 promoter gene 
polymorphisms and susceptibility to asthma: a meta-analysis. PLoS ONE. 
2013;8:e53758.

26.	 Freire-Paspuel B, Vega-Marino P, Velez A, Cruz M, Perez F, Garcia-Bereguiain 
MA. Analytical and clinical comparison of Viasure (CerTest Biotec) and 
2019-nCoV CDC (IDT) RT-qPCR kits for SARS-CoV2 diagnosis. Virology. 
2021;553:154–6.

27.	 Wang S, Wei M, Han Y, Zhang K, He L, Yang Z, Su B, Zhang Z, Hu Y, Hui W. Roles 
of TNF-alpha gene polymorphisms in the occurrence and progress of SARS-
Cov infection: a case-control study. BMC Infect Dis. 2008;8:27.

28.	 Pourbagheri-Sigaroodi A, Bashash D, Fateh F, Abolghasemi H. Labora-
tory findings in COVID-19 diagnosis and prognosis. Clin Chim Acta. 
2020;510:475–82.

29.	 Mellado-Artigas R, Ferreyro BL, Angriman F, Hernandez-Sanz M, Arruti E, Tor-
res A, Villar J, Brochard L, Ferrando C, Network C-SI. High-flow nasal oxygen 
in patients with COVID-19-associated acute respiratory failure. Crit Care. 
2021;25:58.

30.	 Qeadan F, Tingey B, Gu LY, Packard AH, Erdei E, Saeed AI. 2021. Prognostic 
Values of Serum Ferritin and D-Dimer trajectory in patients with COVID-19. 
Viruses 13.

31.	 Wong CK, Lam CW, Wu AK, Ip WK, Lee NL, Chan IH, Lit LC, Hui DS, Chan MH, 
Chung SS, Sung JJ. Plasma inflammatory cytokines and chemokines in severe 
acute respiratory syndrome. Clin Exp Immunol. 2004;136:95–103.

32.	 Mahallawi WH, Khabour OF, Zhang Q, Makhdoum HM, Suliman BA. MERS-CoV 
infection in humans is associated with a pro-inflammatory Th1 and Th17 
cytokine profile. Cytokine. 2018;104:8–13.

33.	 Zhou P, Yang XL, Wang XG, Hu B, Zhang L, Zhang W, Si HR, Zhu Y, Li B, Huang 
CL, Chen HD, Chen J, Luo Y, Guo H, Jiang RD, Liu MQ, Chen Y, Shen XR, Wang 
X, Zheng XS, Zhao K, Chen QJ, Deng F, Liu LL, Yan B, Zhan FX, Wang YY, Xiao 
GF, Shi ZL. A pneumonia outbreak associated with a new coronavirus of 
probable bat origin. Nature. 2020;579:270–3.

34.	 Prompetchara E, Ketloy C, Palaga T. Immune responses in COVID-19 and 
potential vaccines: lessons learned from SARS and MERS epidemic. Asian Pac 
J Allergy Immunol. 2020;38:1–9.

35.	 Torres-Poveda K, Burguete-Garcia AI, Cruz M, Martinez-Nava GA, Bahena-
Roman M, Ortiz-Flores E, Ramirez-Gonzalez A, Lopez-Estrada G, Delgado-
Romero K, Madrid-Marina V. The SNP at -592 of human IL-10 gene is associ-
ated with serum IL-10 levels and increased risk for human papillomavirus 
cervical lesion development. Infect Agent Cancer. 2012;7:32.

36.	 Fellay J, Ge D, Shianna KV, Colombo S, Ledergerber B, Cirulli ET, Urban TJ, 
Zhang K, Gumbs CE, Smith JP, Castagna A, Cozzi-Lepri A, De Luca A, Easter-
brook P, Gunthard HF, Mallal S, Mussini C, Dalmau J, Martinez-Picado J, Miro 
JM, Obel N, Wolinsky SM, Martinson JJ, Detels R, Margolick JB, Jacobson LP, 
Descombes P, Antonarakis SE, Beckmann JS, O’Brien SJ, Letvin NL, McMichael 
AJ, Haynes BF, Carrington M, Feng S, Telenti A, Goldstein DB. Immunol-
ogy NCfHAV. 2009. Common genetic variation and the control of HIV-1 in 
humans. PLoS Genet 5:e1000791.

37.	 Yu Y, Chen Y, Wang FL, Sun J, Li HJ, Liu JM. Cytokines interleukin 4 (IL-4) and 
interleukin 10 (IL-10) gene polymorphisms as potential host susceptibility 
factors in Virus-Induced Encephalitis. Med Sci Monit. 2017;23:4541–8.

38.	 Tsiara CG, Nikolopoulos GK, Dimou NL, Pantavou KG, Bagos PG, Mensah B, 
Talias M, Braliou GG, Paraskeva D, Bonovas S, Hatzakis A. Interleukin gene 
polymorphisms and susceptibility to HIV-1 infection: a meta-analysis. J Genet. 
2018;97:235–51.

39.	 Rogo LD, Rezaei F, Marashi SM, Yekaninejad MS, Naseri M, Ghavami N, 
Mokhtari-Azad T. Seasonal influenza A/H3N2 virus infection and IL-1Beta, 
IL-10, IL-17, and IL-28 polymorphisms in Iranian population. J Med Virol. 
2016;88:2078–84.

40.	 2017. IL-10 -1082 A>G (rs1800896) polymorphism confers susceptibility to 
pulmonary tuberculosis in Caucasians but not in Asians and Africans: a meta-
analysis. Bioscience Reports 37.

41.	 Tang N, Huang J, Chen C, Wu X, Xu H, Chen G, Xue H. Polymorphisms and 
haplotypes of IL2RA, IL10, IFNG, IRF5, and CCR2 are associated with Epstein-
Barr virus-associated hemophagocytic lymphohistiocytosis in children. 
Pediatr Blood Cancer. 2021;68:e29097.

42.	 Helminen ME, Kilpinen S, Virta M, Hurme M. Susceptibility to primary 
Epstein-Barr virus infection is associated with interleukin-10 gene promoter 
polymorphism. J Infect Dis. 2001;184:777–80.

43.	 Forte GI, Scola L, Misiano G, Milano S, Mansueto P, Vitale G, Bellanca F, Sana-
core M, Vaccarino L, Rini GB, Caruso C, Cillari E, Lio D, Mansueto S. Relevance 
of gamma interferon, tumor necrosis factor alpha, and interleukin-10 gene 
polymorphisms to susceptibility to Mediterranean spotted fever. Clin Vaccine 
Immunol. 2009;16:811–5.

44.	 Cahill ME, Conley S, DeWan AT, Montgomery RR. Identification of genetic vari-
ants associated with dengue or West Nile virus disease: a systematic review 
and meta-analysis. BMC Infect Dis. 2018;18:282.

45.	 Santos AC, de Moura EL, Ferreira JM, Santos BR, Alves VM, de Farias KF, de 
Souza Figueiredo EV. Meta-analysis of the relationship between TNF-alpha 
(-308G/A) and IL-10 (-819 C/T) Gene Polymorphisms and susceptibility to 
Dengue. Immunol Invest. 2017;46:201–20.

46.	 Corchado S, Lopez-Cortes LF, Rivero-Juarez A, Torres-Cornejo A, Rivero A, Mar-
quez-Coello M, Giron-Gonzalez JA. Liver fibrosis, host genetic and hepatitis C 
virus related parameters as predictive factors of response to therapy against 
hepatitis C virus in HIV/HCV coinfected patients. PLoS ONE. 2014;9:e101760.

47.	 Gao L, Chen X, Zhang L, Wu D, Zhao H, Niu J. Association of IL-10 polymor-
phisms with hepatitis B virus infection and outcome in Han population. Eur J 
Med Res. 2016;21:23.

48.	 Cochery-Nouvellon E, Nguyen P, Attaoua R, Cornillet-Lefebvre P, Mercier E, 
Vitry F, Gris JC. Interleukin 10 gene promoter polymorphisms in women 
with pregnancy loss: preferential association with embryonic wastage. Biol 
Reprod. 2009;80:1115–20.

49.	 Gong MN, Thompson BT, Williams PL, Zhou W, Wang MZ, Pothier L, Christiani 
DC. Interleukin-10 polymorphism in position– 1082 and acute respiratory 
distress syndrome. Eur Respir J. 2006;27:674–81.

https://doi.org/10.1186/s43066-020-00052-w


Page 11 of 11Eldesouki et al. BMC Medical Genomics           (2024) 17:40 

50.	 Abbood SJA, Anvari E, Fateh A. Association between interleukin-10 gene 
polymorphisms (rs1800871, rs1800872, and rs1800896) and severity of infec-
tion in different SARS-CoV-2 variants. Hum Genomics. 2023;17:19. https://doi.
org/10.1186/s40246-023-00468-6.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.

https://doi.org/10.1186/s40246-023-00468-6
https://doi.org/10.1186/s40246-023-00468-6

	﻿Association of IL-10–592 C > A /-1082 A > G and the TNFα -308 G > A with susceptibility to COVID-19 and clinical outcomes
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Ethical considerations
	﻿Specimens and patient data
	﻿Clinical data
	﻿Antiviral treatment
	﻿Genotyping assays
	﻿Statistical analysis

	﻿Results
	﻿Characteristics of studied groups and genotype distribution within COVID-19 patients
	﻿Alleles/Genotype frequencies and distribution of ﻿IL10﻿ and ﻿TNFa﻿ polymorphisms under different inheritance models
	﻿Haplotype distribution of ﻿IL-10﻿ and ﻿TNFa﻿ polymorphisms
	﻿Association of inheritance models of ﻿IL-10﻿ and ﻿TNFa﻿ SNPs with clinical outcomes in patients with COVID-19 disease

	﻿Discussion
	﻿References


