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Abstract: Background: Toll-like receptors (TLRs) are associated with innate and adaptive immunity. In study, the 
aim was to investigate the possible relation between genetic polymorphisms of the TLR genes 2 and 9 in pediatric 
patients with severe sepsis and septic shock. Patients and methods: Fifty-nine pediatric patients were admitted 
with severe sepsis/septic shock in the pediatric intensive care unit, and 59 healthy controls were investigated for 
the frequency of TLR2-1350 T/C (rs3804100) and TLR9-1237 T/C (rs5743836) gene polymorphisms. Results: The 
frequency of TLR2 1350T/C polymorphic genotype in patients was 13.6% for the TC genotypes and 1.7% for the 
CC genotypes. There was no significant difference between cases and controls in TLR2 1350T/C (p 0.308). The 
frequency of TLR9 1237T/C polymorphic genotypes was 57.6% for the genotype TC and 1.7% for the genotype CC. 
The frequency of TLR9 1237T/C genotype was significantly higher in patients than in controls (p 0.006), with two-
fold increased risk of severe sepsis/septic shock (relative risk = 1.8, 95% confidence interval = 1.2-2.6) and male 
sex predisposition (p 0.014). Conclusion: TLR9-1237T/C polymorphism is a risk factor for progression of infection 
to severe sepsis in pediatric patients. 
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Introduction

Sepsis is the most common cause of pediatric 
deaths worldwide [1]. TLRs play a critical role in 
innate and adaptive immunity. At least 10 TLRs 
have been identified in humans: TLR1, TLR2, 
TLR4, TLR5, and TLR6 work on the plasma 
membrane, while TLR3, TLR7, TLR8, and TLR9 
are located intracellular. In sepsis, bacterial-
induced toll-like receptors (TLR) signaling may 
be elaborated in cytokine production. Bacterial 
endotoxins bind to TLR, initiating a cascade of 
inflammatory cytokines, hence massive cyto-
kine production [2-5]. TLR2 has a major effect 
in defense against gram-positive bacteria. A 
tendency to Staphylococcus aureus sepsis by 
TLR-2 Arg753Gln polymorphism has been 
reported in animal studies [6-8]. 

In addition to being crucial for immunity against 
viral, fungal, mycobacterial and Helicobacter 

pylori infections, TLR9 plays a role in autoim-
mune diseases. In some animal studies, block-
age of TLR9 increased the survival of septic 
mice by decreasing the inflammatory response 
[9, 10]. There is a relation between sepsis and 
decreased serum TLR-9 levels polymorphisms 
due to sepsis-associated immunosuppression 
[11]. (Atalan N et al, 2016). This study explored 
the possible association between TLR2 (13- 
50T/C-rs3804100) and TLR9 (1237T/C-rs57- 
43836) pleomorphism and severe sepsis in 
pediatrics admitted into Cairo University 
Intensive Care Unit.

Material and methods

Patients

This cross-sectional study was conducted over 
a 1-year period in the Pediatric Intensive Care 
Unit (PICU) of Cairo University Pediatric Hospital, 
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Egypt. All pediatric patients with severe sepsis 
admitted to PICU were included in this study 
after informed consent was obtained from the 
parent/guardian. The study was conducted 
according to the Declaration of Helsinki. Sepsis 
was defined and classified as per the 2005 
International Consensus Conference [12]. Criti- 
cal patients who died within 24 hours of admis-
sion were excluded. Patients with chronic 
underlying diseases were also excluded. 

Methods

All patients underwent full history taking and 
clinical examination. The reason for PICU admi- 
ssion was recorded. The pediatric risk of mor-
tality (PRISM III) score, the Pediatric Logistic 
Organ Dysfunction (PELOD) score and inotrope 
score were calculated for all patients. The 
results of blood cultures, length of hospital stay 
and outcome (survival and death) were report- 
ed. 

Genotyping

All patients and controls underwent genotyping 
for TLR2 and 9 polymorphisms. Whole blood 
samples were collected in sterile vacutainers 
containing K3EDTA to prevent blood clotting 
(BD, Becton, Dickinson Company, USA) in the 
patients with severe sepsis or septic shock. For 
quality control, genotyping was repeated with 
respect to case/control status from 59 normal 
healthy individuals coming to the outpatient 
clinic. Genotyping of TLR2 (1350T/C, rs3804- 
100) and TLR9 (1237T/C, rs5743836) was 
done. Genomic DNA extraction from peripheral 
blood leucocytes was performed using Gene 
JET. Whole Blood Genomic DNA purification 
Mini kit (Fermentas Life Sciences, Canada). 
TLR2-1350 T/C and TLR9-1237 T/C genotyping 
was performed by polymerase chain reaction-
restriction fragment length polymorphism (PCR- 
RFLP) technique. All PCR was performed in a 
total volume of 25 μl containing 150 ng genom-
ic DNA, 2X Dream TaqGreen PCR Master Mix, 
25 pM of each forward reverse primers (Fer- 
mentas, Lithuania). The PCR products were vis- 
ualized by 3% agarose gel electrophoresis 
under UV light.

Genotyping of TLR2-1350 T/C (rs3804100) 
was performed as per Takahashi et al. 2011 
[13]. The primer set used was forward: 5’TCAT- 
TTGGCATCATTGGAAA-3’ reverse: 5’GAGTTGCG- 
GCAAATTCAAAG-3’. The thermocycler program 

conducted was an initial denaturation at 0°C 
for 5 minutes, followed by 35 cycles of denatur-
ation at 95°C for 30 seconds, annealing at 
58°C for 30 seconds, extension at 72°C for 30 
seconds and a final extension step at 72°C for 
10 minutes. The generated amplicon was a 
251 bp fragment, which was digested by MwoI 
enzyme (Fermentas-Lithuania). The wild type 
allele (T allele) produced a single b of 251 bp, 
while the polymorphic allele (C allele) produced 
2 bs of 167 bp 84 bp. For TLR-9 1237T/C 
(rs5743836) genotyping, the primer set used 
was forward: ATGGGAGCAGAGACATAATGGA-3’ 
reverse: 5’-CTGCTTGCAGTTGACTGTGT-3. The 
thermocycler program conducted was an initial 
denaturation at 95°C for 5 min, followed by 36 
cycles of denaturation at 94°C for 40 seconds, 
annealing at 62°C for 40 seconds, extension at 
72°C for 1 minute. A final extension step was 
performed at 72°C for 10 minutes as per Liu et 
al. 2012 [14]. This generated a 135 bp frag-
ment. The amplified material was digested by 
BstNI enzyme (Fermentas-Lithuania). The wild 
type allele (T allele) showed two bs of 108 bp 
27 bp, while the polymorphic allele (C allele) 
showed 3 bs of 60, 48 27 bp. Results of geno-
typing were interpreted blindly by 2 different 
observers.

Statistical analysis

Statistical analysis was performed using the 
Statistical Package for Social Sciences (SPSS) 
version 21.0 for Windows (SPSS Inc., Armonk, 
NY, USA). The values of variables with normal 
distribution are presented as mean and stan-
dard deviation, while values of variables with-
out normal distribution are expressed as medi-
an (interquartile range [IQR]). According to the 
type of distribution, parametric or non-para-
metric for the comparisons between groups 
were used for Student’s t test or the Mann-
Whitney test, respectively. A comparison of 
multiple variables between groups was per-
formed using one-way ANOVA algorithm with 
the post hoc Tukey test. The association 
between categorical variables was analyzed 
using the test χ2 or Fischer’s exact test. 
Differences between groups were considered 
statistically significant at P < 0.05.

Results

Fifty-nine patients with severe sepsis were 
included in this study in addition to fifty-nine 
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controls. Thirty-one patients (52.5%) were 
males. The ages of the patients ranged from 1 
to 144 months, median (IQR) was 8 (5) months. 
Thirty-two patients (54%) had pneumonia, 20 
(33.9%) had gastroenteritis, and 5 (8%) had 
meningitis as a diagnosis on admission; while 2 
patients (3.4%) were admitted to PICU after 
they underwent abdominal surgery for intesti-
nal perforation. The PRISM III score ranged 
from 4 to 47, median (IQR) was 20 (17). The 
PELOD score ranged from 1 to 43, median (IQR) 
was 12 (11). The duration of stay of the patients 
ranged from 3 to 90 days, median (IQR) was 13 
(19) days. Thirty-three patients (55.9%) died 
and 26 (44.1%) were discharged. Seven 
patients (12%) had Pseudomonas aeruginosa, 
6 (10%) had Klebsiella species, and 5 (8.5%) 
had Staphylococcus aureus infections (Table 
1). All 59 critical pediatric patients with severe 
sepsis were assessed for the presence of TLR2 
(1350T/C, rs3804100) and TLR9 (1237T/C, 
rs5743836) polymorphisms. TLR2 polymorphic 
variants (T/C and CC) were detected in 9 
(15.3%) out of 59 patients; 8 patients (13.6%) 
were heterozygous (T/C), while 1 (1.7%) was 
homozygous (CC). There was no significant dif-

ference between cases and controls in the dis-
tribution of TLR2 1350T/C genotypes; p value 
was 0.308. TLR9 polymorphic variants (T/C and 
CC) were detected in 34 (57.9%) and 1 (1.75%) 
out of 59 patients, respectively. The frequency 
of TLR9 1237T/C genotype was significantly 
higher in patients than in controls; p value was 
0.006 and conferred almost two-fold increase 
of deterioration of sepsis to critical illness (rela-
tive risk = 1.8, 95% confidence interval = 1.2-
2.6) (Table 2). None of the patients had both 
polymorphisms of TLR2 and 9. Twenty-three 
males (74.2%) vs. 12 females (42.85%) carried 
the polymorphic allele TLR9-1237 TC or CC. 
There was a significant difference between 
males and females in TLR9 1237TC and CC 
where the p value was 0.014. Two males (6.5%) 
and 7 females (25%) carried the polymorphic 
allele TLR2 1350TC or CC. There was no signifi-
cant difference between males and females in 
TLR2 1350TC/CC where the p value was 0.48 
(Table 3). The wild type TT of TLR2 was associ-
ated with longer median duration of stay: 16 
days in TT genotype vs. 10 days in the hetero-
geneous group TC/CC, with p value approach-
ing statistical significance (0.063). There was 
no association between need for mechanical 
ventilation, PRISM III, PELOD or inotrope score 
and TLR 2 or 9 gene polymorphism. Out of the 
33 patients who died, 7 (21%) were carriers of 
the wild type TLR 2-1350 TC/CC, and 19 (58%) 
were carriers of the TLR 9-1237 TC/CC. There 

Table 1. Characteristics of the study popula-
tion

FrequencyVariable
Age in months

8 (5)    Median (IQR)
1-144    Min-Max

PRISM III score
20 (17)    Median (IQR)

4-47    Min-Max
PELOD score

12 (11)    Median (IQR)
1-43    Min-Max

Etiology
32 (54)    Pneumonia; N (%)
20 (34)    Gastroenteritis; N (%)

8 (5)    Meningitis; N (%)
2 (3.4)    Abdominal Surgery; N (%)

Duration of stay in days
13 (19)    Median (IQR)

3-90    Min-Max
Isolated Organisms; N (%)

7 (12)    Pseudomonasaeruginosa
6 (10)    Staphylococcus aureus
5 (8.5)    Klebsiella species

Table 2. Comparison between patients with 
severe sepsis and healthy controls regarding 
genetic polymorphisms in TLR2 and 9

TLR2 TLR9
Cases
(N=59)

Controls
(N=59)

Cases
(N=59)

Controls
(n=59)

TT; N (%) 50 (85) 46 (78) 24 (41) 41 (69.4)
TC; N (%) 8 (13.6) 13 (22) 34 (58) 18 (30.5)
CC; N (%) 1 (1.7) 0 1 (1.7) 0
P value 0.308 0.006

Table 3. Sex distribution of TLR 2 and 9 genetic 
polymorphisms in patients with severe sepsis

TLR2 TLR9
TT TC & CC TT TC & CC

Male; N (%) 29 (93) 2 (6.5) 8 (25.8) 23 (74)
Female; N (%) 21 (75) 7 (25) 16 (57) 12 (43)
P value 0.48 0.014
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was no statistically significant association be- 
tween survival and either TLR 2-1350 TC/CC or 
TLR 9-1237 TC/CC (P 0.152 and 0.75, respec-
tively) (Table 4).

Discussion

Sepsis (the systemic inflammatory response 
syndrome) remains the primary cause of death 
in intensive care units despite the advances in 
antibiotics [15]. The mortality rate of sepsis in 
children is higher than 50% [16]. Genetic differ-
ences between individuals determine the sus-
ceptibility to infections, the clinical manifesta-
tions and the mortality risk [17].

Our results show that the TLR9-1237T/C, 
rs5743836 is a risk for severe sepsis in pediat-
ric critical care patients. Males had a more pro-
nounced allele frequency TLR9-1237T/C than 
females. Apparently, females were protected 
from severe sepsis and septic shock by their 
wild allele. Zinkernagel et al. 2012 reported 
that TLR9 plays an important role in host 
defense against group A Streptococcus (GAS) 
infections. In addition, they reported that stimu-
lation of TLR9 improves macrophage killing of 
this leading human pathogen. In contrast, Hu et 

al. 2011 demonstrated a protective role of 
TLR9 inhibition against the dysregulated inflam-
matory response and tissue injury in sepsis in 
mice animal model [18, 10]..Trevelin et al. 2012 
suggested that the poor outcome of sepsis and 
the spread of infection were due to reduced 
neutrophil migration which was associated with 
TLR9 activation in neutrophils and CXCR2 
down-regulation in mice [19].

TLR9 polymorphism was described in many dis-
eases. Vulnerability to allergic bronchopulmo-
nary aspergillosis was associated with allele C 
on T-1237C (TLR9) [20]. The presence of the 
TLR9-1237 C variant allele generates a poten-
tial nuclear factor kappa B binding site which 
increases the transcriptional activity of TLR9 
and raises cellular production of pro-inflamma-
tory cytokines [21]. Whereas polymorphism of 
TLR9 (C-1237 T) TT genotype was associated 
with low parasitaemia in malaria as described 
in infected Ghanaian children [22]. Moreover, 
TLR9 polymorphisms provided protection ag- 
ainst meningococcemia and decreased inci-
dence of positive blood cultures in children car-
rying TLR9-1237 C allele and TLR9+2848 AA 
genotypes [23]. Chen et al. 2011 reported that 
TLR9 polymorphisms rs187084 and rs352162 

Table 4. Comparison of TT genotype versus CC & TC in TLR2 & TLR 9 polymorphism
TLR2 TLR9

TT (N=50) TC & CC (N=9) P value TT (N=23) TC & CC (N=36) P value
Etiology:
    Pneumonia; N (%) 26 (52) 6 (66) 0.676 11 (47) 21 (58) 0.20
    Gastroenteritis; N (%) 19 (38) 1 (11) 9 (39) 11 (30)
    Meningitis; N (%) 3 (6) 2 (22) 3 (13) 2 (5)
    Abdominal surgery; N (%) 2 (4) 0 1 (4) 1 (2)
    Mechanical ventilation; N (%) 44 (88) 9 (100) 21 (91) 32 (89)
PRISM III
    Median 20 22 0.619 20 22 0.75
    Min-Max (6-42) (4-47) (4-40) (6-47)
PELOD
    Median 12 13 0.165 12 13 0.194
    Min-Max (1-41) (1-43) (1-41) (10-43)
Inotrope score
    Median 25 20 0.748 20 27 0.560
    Min-Max (10-240) (10-70) (10-70) (10-240)
Duration of stay in days
    Median 16 10 0.063 10 17 0.93
    Min-Max (3-47) (3-90) (93-47) (3-90)
Death; N (%) 26 (79) 7 (21) 0.152 14 (42) 19 (58) 0.758
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might be a risk for the development of sepsis 
and multiple organ dysfunction in patients with 
major trauma [24]. The frequency of TLR9-
1486C/C genotype was significantly higher in 
fatal Crimean-Congo hemorrhagic fever pati- 
ents than in healthy controls [25]. Furthermore, 
TLR9 1237 TC was associated with malaria 
susceptibility and severity in Burundian chil-
dren [26]. Additionally, conflicts exist about the 
role of TLR2 polymorphism in sepsis. The 
genetic variant in TLR-2 (rs3804100, T1350C) 
was suggested to protect the host from severe 
urinary tract infections [27]. Eleven meta-anal-
yses related to pneumonia susceptibility and 
outcome suggested that TLR2 rs5743708 
minor genotype appeared to be associated 
with CAP/Legionnaires’ disease/pneumococ-
cal disease. The IL-6 rs1800795-C allele was 
associated with severe sepsis/septic shock/
severe systemic inflammatory response, while 
the IL-10 rs1800896-A allele protected against 
the deterioration to critical conditions [28]. 

In conclusion, TLR9 gene polymorphism-1237 
T/C, rs5743836 was associated with progres-
sion into severe sepsis in our pediatric patients 
with male predilection.

Acknowledgements

We would like to thank Prof. Hanaa El-Karaksy 
for her assistance in editing and proofreading 
the manuscript.

Disclosure of conflict of interest

None.

Address correspondence to: Hebat Allah Fadel Alge- 
baly, Department of Pediatric Critical Care, Children 
Hospital, Cairo University, Al-Saray Str, Al-Manial, 
Faculty of Medicine, Cairo University, Cairo 11559, 
Egypt. Tel: 01009331670; E-mail: heba_elgebaly@
hotmail.com

References

[1] Randolph AG, McCulloh RJ. Pediatric sepsis. 
Virulence 2014; 5: 179-189.

[2] Wen H, Lei Y, Eun SY, Ting JP. Plexin-A4-
semaphorin 3A signaling is required for Toll-
like receptor- and sepsis-induced cytokine 
storm. J Exp Med 2010; 207: 2943-2957.

[3] Wurfel MM, Gordon AC, Holden TD, Radella F, 
Strout J, Kajikawa O, Ruzinski JT, Rona G, 
Black RA, Stratton S, Jarvik GP, Hajjar AM, 

Nickerson DA, Rieder M, Sevransky J, Maloney 
JP, Moss M, Martin G, Shanholtz C, Garcia JG, 
Gao L, Brower R, Barnes KC, Walley KR, Russell 
JA, Martin TR. Toll-like receptor 1 polymor-
phisms affect innate immune responses and 
outcomes in sepsis. Am J Respir Crit Care Med 
2008; 178: 710-720.

[4] de Craen AJ, Posthuma D, Remarque EJ, van 
den Biggelaar AH, Westendorp RG, Boomsma 
DI. Heritability estimates of innate immunity: 
an extended twin study. Genes Immun 2005; 
6: 167-170.

[5] Kawai T, Akira S. Toll-like receptor and RIG-1-
like receptor signaling. Ann N Y Acad Sci 2008; 
1143: 1-20.

[6] Lorenz E, Mira JP, Cornish KL, Arbour NC, 
Schwartz DA. A novel polymorphism in the toll-
like receptor 2 gene and its potential associa-
tion with staphylococcal infection. Infect 
Immun 2000; 68: 6398-6401.

[7] Echchannaoui H, Frei K, Schnell C, Leib SL, 
Zimmerli W, Landmann R. Toll-like receptor 
2-deficient mice are highly susceptible to 
streptococcus pneumoniae meningitis be-
cause of reduced bacterial clearing and en-
hanced inflammation. J Infect Dis 2002; 186: 
798-806.

[8] Takeuchi O, Hoshino K, Akira S. Cutting edge: 
TLR2-deficient and MyD88-deficient mice are 
highly susceptible to staphylococcus aureus 
infection. J Immunol 2000; 165: 5392-5396.

[9] Carvalho A, Osório NS, Saraiva M, Cunha C, 
Almeida AJ, Teixeira-Coelho M, Ludovico P, 
Pedrosa J, Pitzurra L, Aversa F, Romani L, 
Castro AG, Rodrigues F. The C Allele of 
rs5743836 polymorphism in the human TLR9 
promoter links IL-6 and TLR9 up-regulation 
and confers increased B-Cell proliferation. 
PLoS One 2011; 6: e28256.

[10] Hu D, Yang X, Xiang Y, Li H, Yan H, Zhou J, 
Caudle Y, Zhang X, Yin D. Inhibition of Toll-like 
receptor 9 attenuates sepsis-induced mortali-
ty through suppressing excessive inflammatory 
response. Cell Immunol 2015; 295: 92-98.

[11] Atalan N, Karagedik H, Acar L, Isbir S, Yilmaz 
SG, Ergen A, Isbir T. Analysis of toll-like recep-
tor 9 gene polymorphisms in sepsis. In Vivo 
2016; 30: 639-643.

[12] Goldstein B, Giroir B, Randolph A; International 
Consensus Conference on Pediatric Sepsis. 
International pediatric sepsis consensus con-
ference: definitions for sepsis and organ dys-
function in pediatrics. Pediatr Crit Care Med 
2005; 6: 2.

[13] Takahashi M, Chen Z, Watanabe K, Kobayashi 
H, Nakajima T, Kimura A, Izumi Y. Toll-like re-
ceptor 2 gene polymorphisms associated with 
aggressive periodontitis in Japanese. Open 
Dent J 2011; 5: 190-194.



Toll-like receptors polymorphism in severe sepsis

4386 Int J Clin Exp Med 2019;12(4):4381-4386

[14] Liu F, Lu W, Qian Q, Qi W, Hu J, Feng B. Fre- 
quency of TLR 2, 4, and 9 gene polymorphisms 
in Chinese population and their susceptibility 
to type 2 diabetes and coronary artery dis-
ease. J Biomed Biotechnol 2012; 2012: 
373945.

[15] Mayr FB, Yende S, Angus DC. Epidemiology of 
severe sepsis. Virulence 2014; 5: 4-11.

[16] Sarthi M, Lodha R, Vivekanandhan S, Arora 
NK. Adrenal status in children with septic 
shock using low-dose stimulation test. Pediatr 
Crit Care Med 2007; 8: 23-8.

[17] Cristofaro P, Opal SM. The Toll-like receptors 
and their role in septic shock. Expert Opin Ther 
Targets 2003; 7: 603-12.

[18] Zinkernagel AS, Hruz P, Uchiyama S, von Köc- 
kritz-Blickwede M, Schuepbach RA, Hayashi T, 
Carson DA, Nizet V. Importance of toll-like re-
ceptor 9 in host defense against M1T1 group a 
streptococcus infections. J Innate Immun 
2012; 4: 213-218.

[19] Trevelin SC, Alves-Filho JC, Sônego F, Turato W, 
Nascimento DC, Souto FO, Cunha TM, 
Gazzinelli RT, Cunha FQ. Toll-like receptor 9 ac-
tivation in neutrophils impairs chemotaxis and 
reduces sepsis outcome. Crit Care Med 2012; 
40: 2631.

[20] Carvalho A, Pasqualotto AC, Pitzurra L, Romani 
L, Denning DW, Rodrigues F. Polymorphisms in 
toll-like receptor genes and susceptibility to 
pulmonary aspergillosis. J Infect Dis 2008; 
197: 618-621.

[21] Ng MTH, Hof R van’t, Crockett JC, Hope ME, 
Berry S, Thomson J, McLean MH, McColl KEL, 
El-Omar EM, Hold GL. Increase in NF-κB bind-
ing affinity of the variant C allele of the toll-like 
receptor 9 -1237T/C polymorphism is associ-
ated with helicobacter pylori-induced gastric 
disease. Infect Immun 2010; 78: 1345-1352.

[22] Omar AH, Yasunami M, Yamazaki A, Shibata H, 
Ofori MF, Akanmori BD, Shuaibu MN, Kikuchi 
M, Hirayama K. Toll-like receptor 9 (TLR9) poly-
morphism associated with symptomatic ma-
laria: a cohort study. Malar J 2012; 11: 168.

[23] Sanders MS, van Well GT, Ouburg S, Lundberg 
PS, van Furth AM, Morré SA. Single nucleotide 
polymorphisms in TLR9 are highly associated 
with susceptibility to bacterial meningitis in 
children. Clin Infect Dis 2011; 52: 475-480.

[24] Chen KH, Zeng L, Gu W, Zhou J, Du DY, Jiang 
JX. Polymorphisms in the toll-like receptor 9 
gene associated with sepsis and multiple or-
gan dysfunction after major blunt trauma. Br J 
Surg 2011; 98: 1252-1259.

[25] Engin A, Arslan S, Kizildag S, Oztürk H, Elaldi N, 
Dökmetas I, Bakir M. Toll-like receptor 8 and 9 
polymorphisms in Crimean-Congo hemorrhag-
ic fever. Microbes Infect 2010; 12: 1071-1078.

[26] Esposito S, Molteni CG, Zampiero A, Baggi E, 
Lavizzari A, Semino M, Daleno C, Groppo M, 
Scala A, Terranova L, Miozzo M, Pelucchi C, 
Principi N. Role of polymorphisms of toll-like 
receptor (TLR) 4, TLR9, toll-interleukin 1 recep-
tor domain containing adaptor protein (TIRAP) 
and FCGR2A genes in malaria susceptibility 
and severity in Burundian children. Malar J 
2012; 11: 196.

[27] Cheng CH, Lee YS, Chang CJ, Lin TY. Genetic 
polymorphisms in toll-like receptors among pe-
diatric patients with renal parenchymal infec-
tions of different clinical severities. PLoS One 
2013; 8: e58687.

[28] Smelaya TV, Belopolskaya OB, Smirnova SV, 
Kuzovlev AN, Moroz VV, Golubev AM, Pabalan 
NA, Salnikova LE. Genetic dissection of host 
immune response in pneumonia development 
and progression. Sci Rep 2016; 6: 35021.


