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Abstract 
 

Genetic variants and their association with sepsis are the futuristic consideration for the 
development of potential prognostic markers. Polymorphisms in Toll-interleukin-1 receptor 
(TIRAP) and Myeloid differentiation primary response gene 88 (MyD88) were found to be 
significantly associated with infectious diseases like tuberculosis and malaria. In this study, we 
determined the association of these pathogenic variants in neonatal sepsis.  We enrolled 110 
newborns with sepsis as cases and 117 newborns without sepsis as controls from Dravidian 
population from Tamilnadu, India. The genotypic and allelic frequencies of the variants in 
TIRAP (rs8177374) and MyD88 (rs6853) were studied TaqMan Genotyping assay kits. The 
plasma levels of C-reactive protein (CRP) and Tumor necrosis factor-alpha (TNF-α) were 
estimated using commercially available ELISA kits. The genotypic and allelic frequencies of 
both the variants studied were found to be not associated with susceptibility to neonatal sepsis. 
However, the genotype AA was significantly associated with mechanical ventilation and high 
plasma CRP levels (P < 0.05) among the population studied. This is probably the first study to 
determine the genetic associations of neonatal sepsis among Indian population. No significant 
association of the pathogenic genetic variants in TIRAP and MyD88 were found in our study.  
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Introduction 
 
Neonatal sepsis remains the biggest burden in pediatric 
healthcare due to its high mortality rate. Apart from the 
infection and environmental factors, genetic 
predisposition also plays a vital role in host immune 
response during sepsis. Several genetic association studies 
had been done in sepsis mainly targeting the adults [1-2] 
and hardly any data is available on neonatal sepsis. 
Moreover, the available data is from western populations 
and till date no genetic association studies on neonatal 
sepsis had been published in Indian population, this is 
probably the first study.  
 
The genetic variants in innate immune modulator genes 
like Toll-like receptor 4 (TLR4), Toll-like receptor 2 
(TLR2), cluster of differentiation 14 (CD14) had been 
studied for their significant role in sepsis risk [3-5]. The 
genetic association studies are purely population specific 
[6]. Hence, before concluding the genetic risk of sepsis, 
the genetic association data should be available in all 
contemporary ethnic groups, from Chinese Han to 
Russians, from Dravidians to Germans. 

In this study, we have analyzed two Single nucleotide 
polymorphisms (SNPs), rs6853 and rs8177374 present in 
the genes Myeloid differentiation primary response gene 
88 (MyD88) and Toll-interleukin 1 receptor (TIRAP) 
respectively. These two genes were found to play 
significant roles in immunological signaling pathways 
occurring during sepsis [7-9]. The SNP rs6853 (A/G) in 
MyD88 is present in 3’ untranslated region and rs8177374 
(C/T) is a missense variant in TIRAP that induces an 
aminoacid change (S180L). Both the variants were found 
to be significantly associated with infections like 
tuberculosis [10]. In the present study, we attempted to 
elucidate the association of these two SNPs with risk and 
outcome of neonatal sepsis. 
 
Material and Methods 
 
This study was conducted in the Neonatology Division of 
our tertiary care referral hospital during the period of 
June, 2013 to April, 2014. The study was approved by 
Institute scientific advisory, human ethics committees and 
registered with Clinical Trials Registry of India 
(CTRI/2012/09/002987). 
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A total of 110 newborns as cases and 117 newborns as 
controls belonging to Dravidian population from 
Tamilnadu, India were enrolled in this study. Babies of 
age less than 28 days with clinical characteristics 
suggestive of sepsis and at least two positive out of the 
three screening tests, micro Erythrocyte Sedimentation 
Rate, mESR (> Age in days+3mm/hr), CRP (>1 mg/dL), 
band cell count (>20%) were enrolled as cases. Newborns 
without signs of sepsis and blood sampled for minor 
complaints and high risk newborns with septic screening 
tests negative were enrolled as controls. Babies with 
surgical conditions, major congenital defects, maternal 
record of infections/inflammations and Apgar score <6/10 
at 5mt were excluded. 
 

Genotype Analysis 
Peripheral venous blood sample (500 µL) was collected in 
an Ethylene diamine tetraacetic acid (EDTA) vacutainer 
from the newborns, after getting written informed consent 
from their parents. Genomic DNA was isolated from the 
blood samples using Qiagen Blood DNA Mini kit 
(Qiagen, Hilden, Germany) following standard protocol. 
The extracted genomic DNA was checked for quantity 
and quality using Nanodrop 2000 spectrophotometer 
(Thermo scientific, USA).  
 

Polymerase chain reaction (PCR) was carried out in Rotor 
Gene Q real-time PCR (Qiagen, Hlden, Germany) with 
functionally tested TaqMan Genotyping Assay kits 
(Invitrogen, CA, USA). The assay id for the SNP rs6853 is 
C_8824617_10 and for rs8177374 is C_25983622_10. For 
each SNP, PCR was performed in 20 µL volume 
containing 10 µL of TaqMan Genotyping master mix 
(Applied Biosystems, California, USA), 1 µL of 100 ng 
genomic DNA, 1 µL of TaqMan genotyping assay mix and 
8 µL of nuclease free water (Promega, Wisconsin, USA).  
 
The PCR conditions for both SNPs were an initial 
denaturation at 950C for 10 min; followed by 40 
amplification cycles of 950C for 15 sec and 
annealing/extension at 600C for 1 min. Fluorescence 
acquisition was done at the end of each cycle following 
gain optimization for both VIC and FAM dyes in TaqMan 
genotyping assay mixture.  Data analysis was carried out 
using the software Rotor-Gene Q-Pure Detection v2.1.0 
(Build 9). Allelic discrimination was done based on Ct 
values and scatter plot analysis. 
 

The concentration of CRP and TNF-α in plasma were 
estimated using sandwich Enzyme-linked immunosorbent 
assay (ELISA) kits (DBC, Canada and RayBiotech, 
Georgia, USA respectively). 
 
Plasma concentration of C - reactive protein (CRP) was 
significantly different among cases and controls (Cases: 1.1 
± 0.1 mg/dL; Controls: 0.7 ± 0.4 mg/dL). No significant 
difference was found in plasma Tumor necrosis factor - 
alpha (TNF-α) level. The plasma level of CRP was 

significantly associated with the SNP rs6853. The newborns 
with genotype AG had low CRP concentrations (0.95 ± 0.07 
mg/dL) and AA genotype had higher concentration (1.13 ± 
0.12 mg/dL). No genotypes in rs8177374 were associated 
with CRP and TNF-α concentration. 
 
Statistical Analysis 
All categorical variables were given as percentages and 
frequencies. Continuous variables were represented as 
Mean±SD. The Hardy-Weinberg equilibrium was verified 
using Chi square (χ2) test. χ2 test was used to compare the 
genotype and allele frequency of the SNPs among cases 
and controls. The relation of plasma concentrations of 
CRP and TNF-α with genotype and allele frequencies 
among cases and controls were assessed using 
Independent student’s t-test. A two sided P-value <0.05 
was considered significant. All statistical analysis was 
done in SPSS v16 (SPSS Inc., Chicago, IL, USA) and 
Microsoft Excel, 2007. 
 

Results 
 

The baseline characteristics of newborns with sepsis and 
without sepsis are given in Table 1. The cases and 
controls were homogenous for baseline characteristics and 
sepsis risk factors like premature rupture of membrane 
(PROM). The mean gestational age in cases and controls 
were 35.14±3.5 and 37.18±3.4 weeks respectively.  
 

The clinical outcome of babies with sepsis is given in 
Table 2. Out of 110 newborns in septic group, 75 cases 
had positive blood culture. Among the Gram negative 
bacteria, Klebsiella pneumoniae, Escherichia coli were 
most common. The only gram positive bacterium isolated 
was Staphylococcus aureus. Fungal species, Candida 
non-albicans and Candida glabrata were also isolated. 
The sepsis outcomes like Disseminated intravascular 
coagulation (DIC), shock, organ failure were assessed 
following standard protocols like Sequential organ failure 
assessment score (SOFA). 
 

The study population was found to be in Hardy-Weinberg 
equilibrium. Genotype analysis showed that the two SNPs 
rs6853 in MyD88 and rs8177374 in TIRAP were not 
associated with neonatal sepsis. The genotype frequencies 
along with odds ratio are given in Table 3. Haplotype 
analysis also failed to show significant association with 
neonatal sepsis. The allele frequencies of the two SNPs 
were compared with the allele frequency of healthy 
individuals genotyped in HapMap project (Table 4).  
 
The genotype and allele frequencies were analyzed for 
their association with sepsis outcomes. No significant 
association was found with respect to the type of 
infection, mortality or other outcomes, except the 
association of genotype AA in rs6853 with mechanical 
ventilation requirement [Odds Ratio (OR) - 0.15 (0.02 - 
1.18);  P < 0.05]. 
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Table 1. Baseline characteristics of the subjects enrolled in this study. 
 

Parameters Cases, n=110 n (%) Controls, n=117 n (%) P value 

Male 61 (55.5) 64 (54.7) Gender 
Female 49 (44.5) 53 (45.3) 

0.90 

Mode of Delivery 
Spontaneous vaginal 
Caesarian 
Operative vaginal 

57 (51.8) 
32 (29) 

21 (19.2) 

52 (44.4) 
38 (32.5) 
27 (23.1) 

0.56 

Preterm 58 (52.7) 50(42.7) 
Maturity 

Term 52 (47.3) 67 (57.3) 
0.15 

Low birth weight 67 (60.9) 59 (50.4) 
Normal 43 (39.1) 58 (49.6) 

0.13 
Birth Weight 

Mean ± SD (gms) 2386.03 ± 666 2429.23 ± 733  
APGAR at 5’ Median 8 (7,9) 8 (7,9) 1.00 

Gravida 
G1 
> G2 

73 (66.4) 
37 (33.6) 

69(59) 
48 (41) 

0.27 

Meconium stained 23 (21) 36 (30.7) Liquor Quality 
Clear 87 (79) 81 (69.3) 

0.11 

PROMa 28 (25.5) 38 (32.5) Rupture of Membrane 
Normal 82 (74.5) 79 (67.5) 

0.27 
aPremature rupture of membranes 

 

Table 2. Clinical outcomes in the newborns with sepsis. 
 

Outcomes Sepsis Cases, n=110 n (%) 
Positive blood culture 75 (68.2) 
Gram negative 51 (68) 
Gram Positive 2 (2.6) 
Fungi 10 (13.4) 
Mixed infection 12 (16) 
Expired 27 (24.5) 
Respiratory Distress Syndrome 63 (57.3) 
Shock 32 (29.1) 
Disseminated Intravascular Coagulation 32 (29.1) 
Requirement of mechanical ventilation 37 (33.6) 
Seizures 22 (20) 
Pneumonia 12 (10.1) 
Meningitis 5 (4.5) 
Hypoglycemia 11 (10) 
Generalized Edema 11 (10) 
Thrombocytopenia 66 (60) 
Liver failure 16 (14.5) 
Renal failure 11 (10) 
Number of days in ICUa (Mean ± SD)  16.8±9.02 

aIntensive care unit 
 
Table 3.  Genotype frequencies among cases and controls. 
 

SNP Gene Genotype Cases, n(%) Controls, n(%) OR (95% CI) Chi P 
GG 0 (0) 0 (0) 
AG 10 (9) 8 (6.8) rs6853 MyD88 
AA 100 (91) 109 (93.2) 

1.36 
(0.52-3.59) 

0.39 0.53 

CC 74 (67.3) 77 (65.8) 
CT 32 (29.1) 36 (30.8) rs8177374 TIRAP 
TT 4 (3.6) 4 (3.4) 

1.07 
(0.61-1.85) 

0.05 0.81 
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Figure .  Higher CRP concentration seen in AA genotype compared to AG in MyD88. (#P < 0.03) 
 
Table 4. Allele frequencies in South Indian population compared to HapMap populations (All frequencies  
are in percentages). 
 

SI - TSDa SNP 

A
lle

le
s 

Cases Controls 

CEUb CHBc JPTd YRIe ASWf GIHg LWKh MEXi MKKj TSIk 

G 4.7 3.4 11.5 4.9 0.6 33.2 27.6 6.2 28.9 5 38.8 18.2 
rs6853 

A 95.3 96.6 88.5 95.1 99.4 66.8 72.4 93.8 71.1 95 61.2 81.8 

C 81.8 81.2 83 98.8 97 100 94.9 86.9 99.4 90 95.4 79.9 
rs8177374 

T 18.2 18.8 17 1.2 3 0 5.1 13.1 0.6 10 4.6 20.1 
aDravidian population from Tamilnadu, India; bUtah residents with Northern and Western European ancestry from the 
CEPH collection; cHan Chinese from Beijing, China; dJapanese from Tokyo, Japan; eYoruba trios from Ibadan, Nigeria; 
fAfrican ancestry in Southwest USA; gGujarati Indians in Houston, Texas; hLuhya in Webuye, Kenya; iMexican ancestry 
in Los Angeles, California; jMaasai in Kinyawa, Kenya; kTuscans in Italy 
 
Discussion 
 
The genetic association studies in neonatal sepsis are 
sparse among Asian countries. Some of the significant 
genetic variations reported to be associated with sepsis in 
western countries were found not associated with sepsis 
in Asian countries [11]. This may be due to the vast 
genetic diversity among western population and Asian 
population.  
 

The two SNPs analyzed in this study were reported 
previously to be pathogenic in serious infections like 
tuberculosis, malaria [10] and bacteremia [12] among the 
European population. Khor et al., published a remarkable 
study on genetic association of rs8177374 with 
tuberculosis, malaria and bacteremia. They found 
significant association of TIRAP S180L among the 

populations of Gambia, Kenya, United Kingdom and 
Vietnam. They also showed that impairment of TLR2 
signaling pathway by TIRAP S180L [13]. In contrast, the 
studies done in Asian population showed no significant 
association of this genetic variation with sepsis [14,15]. 
 
We conducted this study since there is no data available 
regarding the association of rs6853 and rs8177374 with 
neonatal sepsis among the Indian population. The genetic 
diversity of Indian population is highly complex in nature 
which is yet to be explored [16]. Recent evidences of 
gene flow from east and west Eurasia has been reported 
[17]. The data of human genetic variants retrieved from 
huge projects like HapMap are not adequate to study this 
complex population. More than 40 different ethnic groups 
of people live in India. Only with huge number of 
ethnicity specific genetic association studies, the genetic 
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risks of Indian population towards various diseases can be 
explored. 
 
In this study, we found no significant association of the 
pathogenic SNPs rs6853 and rs8177374 with neonatal 
sepsis. Both genotype and allele frequencies failed to 
yield an association. The previous studies reported were 
in adult sepsis and no studies had been done in neonatal 
age group around the globe. The allele frequencies found 
in our study were comparable to the normal allele 
frequency in closely related populations like Chinese Han 
and Japanese. 
 

The AA genotype in rs6853 was significantly associated 
with plasma CRP level, which can be inferred for its 
association with disease severity as CRP increases with 
inflammation [18]. The same can be evidenced by the 
significant association of genotype AA in rs6853 with 
mechanical ventilation requirement. Animal experiments 
showed that expression of MyD88 and TIRAP was 
indispensable in bronchoconstriction and acute 
inflammatory lung pathology to endotoxin [19]. Also 
serum CRP was found elevated in Haemophilus influenza 
infection leading to worse lung function [20]. 
Unfortunately, no studies are available to explain the role 
of these genetic variants in pulmonary diseases, so further 
insights are required in this context. 
 

In conclusion, no significant association of MyD88 and 
TIRAP variants were found with neonatal sepsis in 
Dravidian population from Tamilnadu, in contrast to 
previous reports from western populations. This 
contradicting result can be further verified with large 
sample size to arrive at a clear picture. 
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