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    Dengue virus infection usually manifests as non-severe 
dengue fever, but manifests in some patients as dengue hem-
orrhagic fever (DHF) with thrombocytopenia and plasma leak-
age (DHF I and II) and in others with shock (dengue shock 
syndrome [DSS], DHF III, and IV). 1  ,  2  Genetic variation influ-
ences the development of DHF and DSS. 3  ,  4  Children who have 
the Toll-like receptor 4 (TLR4) polymorphisms Asp299Gly 
and Thr399Ile were more susceptible to respiratory syncytial 
virus (RSV), a flavivirus similar to dengue virus. 5–  7  Therefore, 
we assessed in children with DHF to see whether these TLR4 
polymorphisms influenced susceptibility to and severity of 
dengue virus infections. 

 During 2001–2003 and 2005–2006, we enrolled children 3–14 
years of age admitted to the pediatric ward or intensive care 
unit of Dr. Kariadi Hospital (RSDK) in Semarang, Indonesia, 
with clinically suspected DHF (either DHF I and II) or DSS 
into the study. 8  Dengue virus infection was confirmed serolog-
ically by capture and indirect enzyme-linked immunosorbent 
assays (Focus Technologies, Cypress, CA) for dengue-specific 
IgM and IgG. The study was reviewed and approved by the 
Research Ethics Committee of Dr. Kariadi Hospital. Informed 
consent was obtained from parents or legal guardians of the 
patients. Persons with DHF and healthy controls who had no 
history of DHF/DSS were enrolled from the same geographic 
area by using consecutive sampling. Children DHF/DSS and 
controls were of mostly Javanese ethnic descent, as ascer-
tained by the investigator, although no three-generation pedi-
gree was obtained. 

 Genomic DNA was isolated from venous blood samples 
stored in EDTA and processed by using a salting-out pro-
cedure. 9  Detection of TLR4 gene polymorphisms was per-
formed by polymerase chain reaction and restriction fragment 
length polymorphism assay as described by van der Graaf 
et al. 10  Serum albumin and total protein were measured 
(Bromocresol–green and Biuret methods; reference values = 
3.26 g/dL and ≥ 5.97 g/dL, respectively). 

 At admission and on day 2, chest radiographs were obtained 
to calculate the pleural effusion index (PEI = 100 × the maxi-
mal width of the effusion divided by the width of the hemitho-

rax). The Fisher exact test was used to analyze the distribution 
of TLR4 polymorphisms in controls and patients. The Mann-
Whitney U test and the Wilcoxon rank tests were used to 
analyze non-normally distributed data. The paired-sample 
 t -test was used to analyze normally distributed data, and 
the one-sample  t -test was used to compare reference values 
and normally distributed data.  P  < 0.05 indicated statistical 
significance. 

 A total of 201 children with DHF/DSS (mean age = 7.31 
years) and 179 adult controls were included in the study 
Positive tourniquet test results were found more frequently in 
persons with DHF without shock (n = 95) than in persons with 
DSS (n = 38) ( P  < 0.0001). Platelet counts were significantly 
lower in persons with DSS than in persons with DHF I/II ( P  < 
0.0001). In 175 patients with available chest radiographs, pleu-
ral effusion was more frequent in persons with DSS than in 
persons with DHF ( P  = 0.022). The PEI for children with DSS 
(18.75%, 95% confidence interval [CI] = 9.71–29.05%) was 
significantly greater ( P  < 0.0001) than for children with DHF 
(8.55%, 95% CI = 0.00–20.25%). In persons with DSS, albu-
min (mean ± SD = 2.9 ± 0.80 g/dL; n = 80) and protein levels 
(5.23 ± 1.60 g/dL) were decreased and lower than in persons 
with DHF (3.39 ± 0.56 g/dL; n = 108 and 6.10 g/dL, 95% CI = 
5.23–6.70 g/dL, respectively) ( P  < 0.0001). 

 The TLR4 299/399 genotype was found in 5 (2.5%) of 201 
DHF/DSS patients and in 4 (2.2%) of 179 controls ( P  = 1.000, 
by Fisher exact test,  P  = 1.000). Separation of complicated 
dengue in DHF and DSS did not influence this finding ( P  = 
0.400, by Fisher exact test). 

 Platelet counts at admission and on day 2 of those who had 
the 299/399 genotype and wild type/wild type (wt/wt) TLR4 
were decreased to values between 53 and 57 × 10 3  cells/mL, 
but did not differ significantly. The tourniquet test result was 
positive for 130 (70.7%) of 184 patients who had wt/wt and 
for 3 (60%) of 5 patients who had the 299/399 TLR4 polymor-
phism ( P  not significant). The presence of petechiae did not 
differ significantly between patients who had the wt/wt TLR4 
polymorphism and patients who had the 299/399 TLR4 poly-
morphism (33.7% and 40%, respectively). Other hemorrhagic 
manifestations did not differ significantly between patients 
with and without the 299/399 TLR4 polymorphism. 

 Plasma leakage in children with DHF/DSS was assessed at 
admission and on day 2 by comparing four plasma leakage 
measurements: hematocrit, albumin levels, protein levels, and 
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PEI, in relation to the TLR4 genotypes and DHF ( Figure 1 ). 
In patients with the wt/wt DHF/DSS polymorphism, hema-
tocrit, albumin levels, and PEI were statistically different at 
admission than on day 2 after admission ( Figure 1A , B, and D). 
Patients who had the 299/399 polymorphism showed no dif-
ferences in hematocrit, protein levels, and PEI ( Figure 1A , C, 
and D) compared with persons who had the wt/wt TLR4 poly-
morphism. However, on day 2 after admission, albumin levels 
in persons who had the 299/399 genotype were significantly 
higher than in persons who had the wt/wt TLR4 genotype ( P  = 
0.013) ( Figure 1B ). Despite this difference, measured albumin 
levels were in the reference range. The hospital mortality rate 
was 11 of 201 children with DHF/DSS. None of these children 
had the TLR4 299/399 genotype. 

  We showed that the distribution of the TLR4 299/399 poly-
morphisms did not differ between children with DHF/DSS 
and controls. This finding would have been strengthened if 
we had been able to exclude previous asymptomatic dengue 
virus infections by serologic testing. Also, assessment of ances-
try genome wide alleles in cases and controls would have pro-
vided definite evidence that cases and controls were of similar 
ethnic decent. Our findings are consistent with those of larger 
studies that also found no association between these polymor-
phisms and disease susceptibility. 11  

 Most nonsynonymous TLR4 polymorphisms had a low pop-
ulation frequency (< 1%). However, Asp299Gly and Thr399Ile 
TLR4 polymorphisms had population frequencies > 5%, 12  
suggesting that a role of other nonsynonymous TLR4 poly-
morphisms can be excluded. The 299 TLR4 haplotype alters 
the conformation of TLR4. 13  The observed increase and 

decrease of TLR4 isoform transcription during dengue virus 
infection indicate a possible role of TLR4 during the early 
immune response. 14  Dengue virus infection suppressed TLR4 
gene expression. 15  This finding indicates that instead of the 
TLR4 299/399 haplotype, reduced TLR4 gene expression 
caused by dengue virus infection might have a pivotal role 
in susceptibility and severity of complicated dengue virus 
infection. 

 The innate immune response toward RSV was suppressed 
in children with mutated TLR4, and children with the TLR4 
299/399 polymorphism had a high risk for severe RSV infec-
tion. 5–  7  Because we could not demonstrate such a difference 
for dengue, the correlation between the TLR4 polymorphism 
and RSV infection is likely to be virus specific. Interestingly, 
our screening of TLR4 polymorphisms showed that the dis-
tribution of the TLR4 polymorphism has a high frequency of 
cosegregated 299/399 in all analyzed groups. Previous TLR4 
polymorphism reports from Indonesia showed only separate 
299 and 399 polymorphisms. 16  Therefore, there still could be an 
effect of the TLR4 299/399 polymorphism in populations with 
a higher prevalence of this polymorphism. 

 We found a significant increase of PEI from admission 
to day 2 in persons who had the wt/wt genotype. We also 
observed significantly lower albumin levels on day 2 in chil-
dren with DHF/DSS who had the wt/wt TLR4 polymorphism, 
but not for other plasma leakage parameters. Therefore, the 
effect of TLR4 on vascular leakage is negligible. Overall, 
this finding indicates that in contrast to RSV infections, 
299/399 TLR4 polymorphism has a minor role in complicated 
dengue. 

 Figure 1.    Scatter plot with median showing plasma leakage parameters for dengue virus–infected children, Indonesia.  A , Hematocrit was mea-
sured on day 0 was measured for wild type/wild type (wt/wt) (n = 196) and 299/399 (n = 5) genotypes and on day 2 in wt/wt (n = 185) and 299/399 
(n = 5) genotypes.  B , Serum albumin was measured on day 0 in wt/wt (n = 183) and 299/399 genotypes (n = 5) and on day 2 in wt/wt (n = 173) and 
299/399 (n = 5) genotypes.  C , Protein level was measured on day 0 in wt/wt (n = 184) and 299/399 (n = 5) genotypes and on day 2 in wt/wt (n = 173) 
and 299/399 (n = 5) genotypes.  D , Pleural effusion index (PEI) was measured on day 0 in wt/wt (n = 170) and 299/399 (n = 5) genotypes and on day 
2 in wt/wt (n = 151) and 299 of 399 (n = 5) genotypes.    
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