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Abstract 

 Background: Health care associated sepsis in children is a global health problem. 

Predisposing to this infection may include single nucleotide polymorphism (SNP) 

in interleukin 1 β gene (IL1 β). 

Objective: the aim was to study the association of L-1β +3954 C>T polymorphism 

in children with health care-associated sepsis.   

Method: The study is a retrograde case-control study that included ninety two 

children with hospital-acquired sepsis and ninety two children as control group. 

Blood samples from included children were subjected to blood culture for 

identification of sepsis and SNP study of IL1 β by polymerase chain reaction and 

restriction fragment length polymorphism (PCR-RFLP). 

Results: In the study of L-1β +3954, C>T polymorphism comparison was 

performed between patients and minty two children with cross-match age and sex.  

The CC genotype and TT genotype had a statistically significant increase in the 

control subjects (64.1% and 10.9% respectively) compared to patients (51.09%, 

3.3% respectively=0.032). While CT genotype had a statistically significant 

increase in patients (45.7%, and compared to the control subjects (25%, P=0.032). 

Moreover, CT plus TT genotypes had a statistically significant increase in patients 
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(48.9%) compared to control subjects (32.6%, P=0.024) with a statistical increase 

of CC genotype in the control subjects (67.4%) compared to the patients (51.1%, 

P=0.023). 

The present study highlights the role of IL-1β +3954 C>T polymorphism in sepsis 

in children. There was association between CT genotype and development of 

sepsis in children. 

 Keywords: Sepsis, IL-1β +3954 C>T polymorphism, Children, Blood culture. 

 

 

Introduction 

  Sepsis in children represents a major health problem despite the development of 

standardized protocols of treatment, infection control guidelines, and intensive care 

support techniques (1).  

 The pathogenesis of sepsis depends upon the virulence factors of invading 

organisms besides the release of cytokines, complement activation, and genetic 

host factors related to susceptibility to infections (2).  The immune responses to the 

invading pathogen involve the localization of the organism and the repair of the 

affected organs. The process includes the activation of circulating and fixed 

phagocytic cells, alongside with generation of pro-inflammatory and anti-

inflammatory mediators secreted by macrophages, which have been triggered and 

activated by the bacterial invasion of tissue (3). 

 The polymorphism of the genes involved in the immune response and in the 

coagulation pathways may be associated with the susceptibility or the severity of 

sepsis in children (1).  

  The single nucleotide polymorphism (SNP) in the genes encoding cell membrane 

receptors, inflammatory cytokines, angiotensin I-converting enzyme, plasminogen 

activator inhibitor, and caspase-12 have been implicated in the predisposition to 
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sepsis (4,5).  However, the protective genotype pattern to the infections can be 

associated with exaggerated immune responses leading to delirious outcomes with 

septic shock. Therefore, the squeal of an altered host response may have competing 

effects in population-based studies (6).  

  Among the cytokines involved in the immune reaction to sepsis, the Interleukin-1 

(IL-1) family with two agonists (IL-1α and IL-1β) and one antagonist (IL-1 

receptor antagonist: IL-1ra) (7, 8). The enormous production of IL-1 leads to 

shock, multi-organ system failure, and death in patients and animals with sepsis, 

systemic inflammatory response syndrome, and septic shock (8).  The coding 

genes of IL-1A, IL-1B and IL-1RN are located in chromosome 2 within the cluster 

of human major histocompatibility complex in the q13-21(9).  

 There are five SNPs in IL-1 genes studied in the relation to sepsis risk: one SNP at 

promoter position −889 in the IL-1A gene, two SNPs at promoter position −511 

and −31, and one SNP in exon 5 at position +3954 of the IL-1B gene and a 

variable number of tandem repeats (VNTR) of 86-bp sequence in intron 2 of IL-

1RN gene (10). 

There are several studies about the associations between IL-1 polymorphisms and 

sepsis risk (11, 12). Previous studies from Egypt included SNP of IL1 b in children 

with sickle cell disease (13). However, to the best of our knowledge, there are no 

reports about the association of SNP in IL1 β +3954 C>T with sepsis in children 

from Egypt. 

 Therefore, the aim was to study the association of L-1β +3954 C>T polymorphism 

in children with health care-associated sepsis. 

Material and Method 

 The study is a retrograde case-control study that included children with hospital-

acquired sepsis recruited from Mansoura University Children’s Hospital, Egypt 

from January 2020 to March 2022. The patients were children with hospital-
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acquired sepsis with at least one positive blood culture. In addition, healthy 

children were included as control group. The study was approved by the ethical 

committee of Mansoura Faculty of Medicine (R.22.10.1920), Egypt. The parents of 

the children signed a written consent and the study is performed according to 

Helsinki guidelines.   

Blood sample 

Seven milliliters of blood samples were obtained from each child under a complete 

aseptic technique. The blood sample was divided between blood culture bottle 

Bact/ alert for blood culture (Biomeriex-USA) and between vacutainer tube with 

ethylene diamine tetra-acetic acid (EDTA) for polymerase chain reaction with 

restriction fragment length polymorphism (PCR-RFLP) for detection of SNP at 

IL1 β  +3954 C>T (rs1143634). 

Blood Culture and Bacterial Identification 

 The blood culture was performed by Bact/alet ped ((biomerieux- USA) and 

positive blood culture bottles were subjected to subculture on blood agar and 

McConkey agar plates Bbiomerieux- USA). The colonies were identified by Gram 

stain and biochemical identification by automated VITEK® 2(Biomeriex-USA). 

  PCR-RFLP for IL-1β +3954 C/T (rs1143634) 

DNA Extraction 

DNA was extracted from blood on EDTA by the use of QIAamp DNA Blood Mini 

(Qiagen- Germany) according to the manufacturer’s instruction. The extracted 

DNA was kept frozen at -20°C till the time of the amplification. 

PCR-RFLP 

 The extracted DNA was used for the PCR using the primers F-TC AGG TGT 

CCT CGA AGA AAT CAA A, R-GCT TTT TTG CTG TGA GTC CCG. The 

amplification procedures were denaturation at 95 °C for 
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2 minutes then 35 cycles were applied consisting of denaturation at 95 °C for 1 

minute, annealing at 57 °C for 1 minute, extension at72 °C for 1 minute, and a 

final extension step at 72 °C for 5 minutes. 

 The amplified products were incubated with the restriction enzyme using 10 units 

of restriction endonucleases Taq 1 (New England Biolabs) and incubated at 37°C 

for 16 hours. Amplified products and restriction fragments were run on 2% agarose 

gel and stained with ethidium bromide. TT genotype (182 bp); lane 3, 5, and 6: CC 

genotype (97 and 85 bp); lane 7: CT genotype (182, 97, and 85 bp); lane 4: 50 bp 

DNA ladder (13). 

 

 Statistical Analysis 

 The data of the study was analyzed by the use of SPPS 22. The qualitative data 

was expressed as numbers and percentages. The comparison will be performed by 

chi-square and P will be considered significant if it was < 0.05. The age was 

expressed as median, minimum, and maximum as nonparametric data. The 

comparison of numerical data will be performed by one Way-ANOVA test and P 

will be considered significant if < 0.05. 

Result 

 The study included ninety-two children with hospital-acquired sepsis. They were 

fifty-three males (57.6%) and thirty-nine females (42.4%) with an age range from 

one month up to 168.0 months. The common underlying condition was pneumonia 

(31.3%), prematurity (22.8%), and surgery (17.4%). The presence of peripheral 

venous catheter was reported in 59.8%, and central venous catheter and urinary 

catheter were present in 41.3% for each.  The common clinical signs of sepsis were 

hypothermia (47.5%), fever (44.5%), and hypotension (39.1%). The commonly 

isolated organisms from the blood culture were Staphylococcus aureus (62.0%), 

and Klebsiella species (23.9%), table 1. 
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Table (1): The demographic, clinical, and microbiological findings of the studied 

patients 
  

Sex 

Male (No.-%) 

Female(No.-%) 

 

 

53  57.6 

39  42.4 

Age (months) 

Minimum 

Maximum 

Median 

 

1.00 

168.0 

2.00 

Underlying etiology (No.-%) 

Infection 

Congenital anomalies 

Surgery 

Prematurity 

Pneumonia 

Cardiac diseases 

Hepatic diseases 

 

8   8.7 

13  14.1 

16  17.4 

21  22.8 

29  31.3 

2    2.2 

3    3.3 

Central venous catheter(No.-%) 

 

38  41.3 

Peripheral venous catheter(No.-%) 

 

55  59.8 

Urinary catheter(No.-%) 

 

38  41.3 

Fever(No.-%) 41  44.5 

Hypothermia(No.-%) 44  47.5 

Hypotension(No.-%) 36   39.1 

Chills(No.-%)  7   7.6 

Metabolic acidosis (No.-%) 

 

11  12.00 

 

Isolated bacterial pathogens (No.-%) 

Staphylococcus aureus 

Klebsiella species 

Pseudomonas aeruginosa 

Enterobacter species 

Escherichia coli 

 

 

57 62 

22 23.9 

8  8.7 

4  4.3 

1   1.1 

 In the study of L-1β +3954, C>T polymorphism comparison was performed 

between patients and minty two children with cross-match age and sex.  The CC 

genotype and TT genotype had a statistically significant increase in the control 

subjects (64.1% and 10.9% respectively) compared to patients (51.09%, 3.3% 

respectively=0.032). While CT genotype had a statistically significant increase in 
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patients (45.7%, and compared to the control subjects (25%, P=0.032). Moreover, 

CT plus TT genotypes had a statistically significant increase in patients (48.9%) 

compared to control subjects (32.6%, P=0.024) with a statistical increase of CC 

genotype in the control subjects (67.4%) compared to the patients (51.1%, 

P=0.023), table 2. 

 

 

Table (2): The genotype of L-1β +3954 C>T polymorphism in patients compared 

to control. 

 

   Control  Patients   P 

CC 59        64.1 47     51.09  P=0.005 

CT 23        25 42     45.7 

TT 10        10.9 3       3.3 

CC 

CT+TT 

59        64.1 

33        35.9 

47     51.1 

45     48.9 

P=0.05 

 

In the study of the association of the genotype of L-1β +3954 C>T polymorphism 

in the patients and different demographic and clinical findings, there was 

statistically  insignificant difference between patients with CC+TT genotypes and 

patients with CT genotype as regards clinical signs of sepsis, fever (P=0.9), 

hypothermia (P=0.06), hypotension (P=0.057), table 3. 
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Table (3): The association between the genotype of L-1β +3954 C>T polymorphism in the 

patients and different demographic and clinical findings 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

Discussion 

Hospital acquired sepsis in children is a global health problem that may have rapid 

progress and grave outcome (14). 

  The development of sepsis can be attributed to various infections such as 

pneumonia, cholangitis and abscess and associated with predisposing factors such 

as prematurity. In the present study, the common underlying condition was 

pneumonia (31.3%), prematurity (22.8%), and surgery (17.4%). Previous study on 

the associated infection in pediatric patients with sepsis, reported respiratory tract 

infections as a common underlying infection in 19/65 (29.2%), infections in 

  CC+TT 

(n=50) 

No.    % 

CT 

(n=42) 

No.    % 

 P  OR 95%CI 

Sex 

Male 

Female 

 

28      56 

22      44 

 

25      59.5 

17     40.5 

 

0.7 

 

0.9 

 

0.34-1.99 

Age 

Minimum 

Maximum 

 

1.00 

166.0 

 

1.00 

144.0 

0.052   

Peripheral 

Intravenous catheter 

28     56 27     62.3 0.14 0.71 0.30-1.65 

Central venous 

catheter 

23     46 15      35.7 0.32 

 

 

1.5 

 

0.66-3.56 

Urinary catheter 25    50 13      30.9 0.07 2.2 0.95-5.25 

Underlying clinical 

conditions 

Infection 

Congenital anomalies 

Surgery 

Prematurity 

Pneumonia 

Cardiac diseases 

Hepatic diseases 

 

 

 

5      10 

8     16 

 

8     16 

6   12 

19   38 

1     2 

3     6 

 

 

 

3        7.1 

5        11.9 

 

8      19.04 

15     35.7 

10     23.8 

1       2.4 

0 

 

0.11 

  

Fever 22     44 19     45.2 0.9 0.95 0.42-2.2 

Hypothermia 19     38 25      59.5 0.06 0.42 0.18-0.97 

Metabolic acidosis 4     8 7     16.7 0.2 0.43 0.12-1.6 

Hypotension 24  48 12    28.6 0.057 2.3 0.96-5.5 
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digestive tract in 21/65 (32.3%) and intracranial infections in 10/65 (15.4%) (14). 

The difference in the underlying etiology of hospital acquired sepsis in children 

depends upon the health care services supported by different hospitals. 

   The common pathogens isolated from blood culture in the present study were 

Staphylococcus aureus and Klebsiella species. This finding was online with 

previous study in community acquired sepsis in young infants in sub-Saharan 

Africa with Staphylococcus aureus and Klebsiella pneumonia as predominating 

isolated bacteria from blood cultures (15). Also, this finding was reported in 

systemic review from the same region (16).  These finding may suggest some sort 

of association of pathogens with geographical regions (15). 

 In the present study, the common clinical signs of sepsis were hypothermia, fever 

and hypotension. These clinical signs are recognized as alarming signs of sepsis in 

children beside the presence of suspected infections (17, 18). There must be 

incorporation of screen process of sepsis to the triage to identify patients with high 

risk to develop sepsis (19). The development of an electronic health record process 

decrease the time needed for rapid diagnosis screen (20).  

 

 The sepsis is associated with inflammatory response mediated by pro-

inflammatory cytokines such as IL-1β (21
]
. The polymorphism of IL11ß gene with 

the replacement of thymine at the position of 3954 (C3954T) may lead to profound 

increase in IL1 ß levels (22). The data about this hypothesis in pediatric sepsis are 

limited. 

 In the present study, the CT genotype had a statistically significant increase in 

patients and compared to the control subjects with significant increase in CC and 

TT genotypes in control subjects compared to pediatric patients with sepsis.  

Contrary to this finding previous studies revealed no association between IL-1β 

+3954 C>T polymorphism and the risk of sepsis (23-28). However, previous meta-
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analysis study confirmed found that the IL-1β +3954 C>T polymorphism reduced 

the risk of sepsis [29]. The Stratified analysis gives a clue about the protective 

effect of SNP toward the development of sepsis in Caucasians population [29]. 

Moreover, a previous study in a Han Chinese population supported that CT 

genotype of IL-1β +3954 predispose to sepsis (30). 

 The difference of the findings between the studies may reflect the difference in the 

risk of exposure to sepsis, the ethnic differences between studied population and 

the differences in the studied sample size. 

 There was statistically insignificant difference between patients with genotype 

CC+TT and patients with CT genotype as regard clinical signs such as fever, 

hypothermia and hypotension. This finding may reflect the roles of other cytokines 

in the clinical signs of sepsis.  

 The present study had limitations such as the interaction between other genes and 

the gene environment were not studied and the mechanism of action of SNP of IL-

1β +3954 in protection or predisposing to sepsis. 

Conclusion  

 The study highlights the role of IL-1β +3954 C>T polymorphism in sepsis in 

children. There was association between CT genotype and development of sepsis 

in children. 

Ethical Approval and Consent to participate 

The study was approved by Mansoura Faculty of Medicine ethical committee, 

Egypt (R.22.10.1920). Informed written consent was taken from the parents each 

child. The study was performed according to Helsinki guidelines.  

  Consent for publication 

All authors approve the publication 

Author Contributions 

Abdelrahman Eid Mahmoud Mossad design of the study, recruitment of the participant, 

draft of the article. Maysaa El Sayed Zaki design of the study, laboratory work, data analysis, 



Study of Single Nucleotide Polymorphism of Interleukin 1 B in Pediatric Patients with Health 

Care Associated Sepsis                                                                                                            

Section A-Research paper 

 

3114 

Eur. Chem. Bull. 2023,12(10), 3104-3117 

 

recruitment of the participant, draft of the article. Dina Mohamed Abdel- Hady design of the 

study, recruitment of the participant, draft of the article. Emad Ibrahim Mohammed 

Elmasry design of the study, laboratory work, data analysis, recruitment of the participant, draft 

of the article. Ahmed Gomaa Ahmed El Sayed design of the study, laboratory work, data 

analysis, recruitment of the participant, draft of the article 

 Availability of supporting data 

https://data.mendeley.com/drafts/3h7gzkb8d7 

Competing interests 

None of the authors had any competing interests 

 Funding 

Self-funded 

Acknowledgment 

Not applicable 

Reference 

1-Miranda M, Nadel S. Impact of Inherited Genetic Variants on Critically Ill 

Septic Children. Pathogens. 2022 Jan 14;11(1):96.  

2- Nadel S. Genetic Susceptibility in Sepsis: Implications for the Pediatric 

Population. Pediatr. Drugs. 2011;13:205–208.  

3-Cinel I., Dellinger R.P. Advances in pathogenesis and management of sepsis. 

Curr. Opin. Infect. Dis. 2007;20:345–352.  

4-Dahmer M.K., Cornell T., Quasney M.W. Genetic and epigenetic factors in the 

regulation of the immune response. Curr. Opin. Pediatr. 2016;28:281–286.  

5- Sapru A., Quasney M.W. Host genetics and pediatric sepsis. Open Inflamm. 

2011; 4:82–100.  

6-Wrong H.R. Genetics and genomics in pediatric septic shock. Crit. Care Med. 

2012;40:1618–1626. 

7-Kurt AN, Aygun AD, Godekmerdan A, Kurt A, Dogan Y, Yilmaz E. Serum IL-

1beta, IL-6, IL-8, and TNF-alpha levels in early diagnosis and management of 

neonatal sepsis. Mediators Inflamm. 2007;15:31397.  



Study of Single Nucleotide Polymorphism of Interleukin 1 B in Pediatric Patients with Health 

Care Associated Sepsis                                                                                                            

Section A-Research paper 

 

3115 

Eur. Chem. Bull. 2023,12(10), 3104-3117 

 

8-Fida NM, Al-Mughales J, Farouq M. Interleukin-1alpha, interleukin-6 and tumor 

necrosis factor-alpha levels in children with sepsis and meningitis. Pediatr Int. 

2006;15(2):118–124.  

9- Dinarello CA. Biologic basis for interleukin-1 in disease. Blood. 

1996;15(6):2095–2147 

10- Vamvakopoulos JE, Taylor CJ, Morris-Stiff GJ, Green C, Metcalfe S. The 

interleukin-1 receptor antagonist gene: a single-copy variant of the intron 2 

variable number tandem repeat (VNTR) polymorphism. Eur J Immunogenet. 

2002;15(4):337–340.  

11- Zapata-Tarres M, Arredondo-Garcia JL, Rivera-Luna R, Klunder-Klunder M, 

Mancilla-Ramirez J, Sanchez-Urbina R, Vazquez-Cruz MY, Juarez-Villegas LE, 

Palomo-Colli MA. Interleukin-1 receptor antagonist gene polymorphism increases 

susceptibility to septic shock in children with acute lymphoblastic leukemia. 

Pediatr Infect Dis J. 2013;15(2):136–139.  

12-Wan QQ, Ye QF, Ma Y, Zhou JD. Genetic association of interleukin-1(beta) 

(−511C/T) and its receptor antagonist (86-bpVNTR) gene polymorphism with 

susceptibility to bacteremia in kidney transplant recipients. Transplant Proc. 

2012;15(10):3026–3028.  

13-Afifi RAA, Sedky YM, Abd-ELKareem H, Botros SKA. IL-Iβ+3954 C/T 

Polymorphism and Its Clinical Associations in Egyptian Sickle Cell Disease 

Patients. Int J Hematol Oncol Stem Cell Res. 2019 Jan 1;13(1):35-41. PMID: 

31205626; PMCID: PMC6557973. 

14-Ying Zhang, Buqing Cao, Weihong Cao, Hongjun Miao, Lihui Wu, "Clinical 

Characteristics and Death Risk Factors of Severe Sepsis in Children", 

Computational and Mathematical Methods in Medicine, vol. 2022, Article ID 

4200605, 7 pages, 2022. https://doi.org/10.1155/2022/4200605 



Study of Single Nucleotide Polymorphism of Interleukin 1 B in Pediatric Patients with Health 

Care Associated Sepsis                                                                                                            

Section A-Research paper 

 

3116 

Eur. Chem. Bull. 2023,12(10), 3104-3117 

 

15- Mduma E, Halidou T, Kaboré B, Walongo T, Lompo P, Museveni J, 

Gidabayda J, Gratz J, Guga G, Kimathi C, Liu J, Mdoe P, Moshiro R, Petzold M, 

Singlovic J, Guillerm M, Gomes MF, Houpt ER, Halleux CM. Etiology of severe 

invasive infections in young infants in rural settings in sub-Saharan Africa. PLoS 

One. 2022 Feb 25;17(2):e0264322. doi: 10.1371/journal.pone.0264322. PMID: 

35213629; PMCID: PMC8880396. 

16-Okomo U, Akpalu ENK, Le Doare K, Roca A, Cousens S, Jarde A, et al. 

Aetiology of invasive bacterial infection and antimicrobial resistance in neonates 

in sub-Saharan Africa: a systematic review and meta-analysis in line with the 

STROBE-NI reporting guidelines. Lancet Infect Dis. 2019. Nov;19(11):1219–

1234. doi: 10.1016/S1473-3099(19)30414-1 [ 

17-• Davis AL, Carcillo JA, Aneja RK, et al. American College of Critical Care 

Medicine clinical practice parameters for hemodynamic support of pediatric and 

neonatal septic shock. Crit Care Med. 2017; 45(6): 1061- 1093.  

18-• Brierley J, Carcillo JA, Choong K, et al. Clinical practice parameters for 

hemodynamic support of pediatric and neonatal septic shock: 2007 update from the 

American College of Critical Care Medicine. Crit Care Med. 2009; 37(2): 666- 

688.  

20-Lloyd JK, Ahrens EA, Clark D, Dachenhaus T, Nuss KE. Automating a manual 

sepsis screening tool in a pediatric emergency department. Appl Clin Inform. 2018; 

9(4): 803- 808. 

19-Lane RD, Funai T, Reeder R, et al. High reliability pediatric septic shock 

quality improvement initiative and decreasing mortality. Pediatrics. 2016; 

138(4):pii:e20154153. 

21- Benjamin JT, Moore DJ, Bennett C, et al. Cutting edge: IL-1alpha and not IL-

1beta drives IL-1R1-dependent neonatal murine sepsis lethality. J Immunol 

2018;201:2873–8.  



Study of Single Nucleotide Polymorphism of Interleukin 1 B in Pediatric Patients with Health 

Care Associated Sepsis                                                                                                            

Section A-Research paper 

 

3117 

Eur. Chem. Bull. 2023,12(10), 3104-3117 

 

22-0 Moos V, Rudwaleit M, Herzog V, Hohlig K, Sieper J, Muller B: Association 

of genotypes affecting the expression of interleukin-1ß or interleukin-1 receptor 

antagonist with osteoarthritis. Arthritis Rheum 2000;43:2417–2422. 

23-Fang XM, Schroder S, Hoeft A, et al. Comparison of two polymorphisms of the 

interleukin-1 gene family: interleukin-1 receptor antagonist polymorphism 

contributes to susceptibility to severe sepsis. Crit Care Med 1999;27:1330–4. [ 

24-Montoya-Ruiz C, Jaimes FA, Rugeles MT, et al. Variants in LTA, TNF, IL1B 

and IL10 genes associated with the clinical course of sepsis. Immunol Res 2016; 

64:1168–78.  

25-Treszl A, Kocsis I, Szathmari M, et al. Genetic variants of TNF-[FC12]a, IL-

1beta, IL-4 receptor [FC12]a-chain, IL-6 and IL-10 genes are not risk factors for 

sepsis in low-birth-weight infants. Biol Neonate 2003;83:241–5.  

26-Balding J, Healy CM, Livingstone WJ, et al. Genomic polymorphic profiles in 

an Irish population with meningococcaemia: is it possible to predict severity and 

outcome of disease? Genes Immun 2003;4:533–40. [PubMed] [Google Scholar] 

27-Johnson MD, Plantinga TS, van de Vosse E, et al. Cytokine gene 

polymorphisms and the outcome of invasive candidiasis: a prospective cohort 

study. Clin Infect Dis 2012; 54:502–10.  

28-Zhang DL, Zheng HM, Yu BJ, et al. Association of polymorphisms of IL and 

CD14 genes with acute severe pancreatitis and septic shock. World J Gastroenterol 

2005;11:4409–13. [PMC free article] [PubMed] [Google Scholar] 

29- Zheng W, Wang J, Si X, et al. Interleukin-1 beta + 3594 C/T gene 

polymorphism and susceptibility to sepsis: a meta-analysis. Crit Rev Eukaryot 

Gene Expr 2018;28:311–9. 

30-Fu P, Xie S, Zhang X. Investigation of the IL-1β +3954 C>T polymorphism 

and the risk of sepsis: A case-control study. Medicine (Baltimore). 2020 Jul 31; 

99(31):e21022.  


