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1. Introduction

  Dengue virus (DENV) is a single-stranded RNA 
virus belonging to the genus Flavivirus and the family 
Flaviviridae.  Dengue virus infection is an increasing cause 
of morbidity and mortality in tropical and subtropical 
countries. Patients infected with dengue viruses can be 
asymptomatic or present with two forms of illness, dengue 
fever (DF) and dengue hemorrhagic fever (DHF).
  DF i s  a  se l f-l imi ted  febr i le  i l lness .  Pat ients 
may demonstrate fever,  headache, myalgias and 
thrombocytopenia and recover from the symptoms 
about a week after disease onset. Some patients 
infected with dengue virus demonstrate plasma leakage, 
thrombocytopenia, and hemorrhagic manifestation. This 
severe syndrome is called DHF[1].
  Pathologies observed in DHF can be mediated by the 
virulence of infecting viruses and by host immune response.  
It has been shown that plasma leakage is caused by 
vascular endothelial cell damage from the immune response 
to dengue virus infection[2]. Tumor necrotic factor-毩 (TNF-
毩) has been known to be involved in plasma leakage.  
Monocytes and endothelial cells infected with dengue 

viruses produced TNF-毩[2, 3]. Monocytes produced TNF-毩 
in the presence of enhancing antibody and the produced TNF-
毩 induced plasma leakage in in vitro experiments[4]. Levels 
of plasma cytokines such as TNF-毩, IL-2, IL-6, IL-8, IL-12 
and IFN-毭 were significantly higher in DHF than in DF[5]. It 
has been shown that mast cells and basophil infected with 
dengue virus  produced IL-1 and IL-6[6]. Dengue virus-specific T 
lymphocytes also secreted  IFN-毭, IL-2 and TNF-毩[2, 7].  These 
suggested that various cell types are involved in increased 
cytokine production.
  In addition, it has been demonstrated that the levels of 
IL-6 and IL-1 receptor antagonist were higher in DSS non-
survivors than in the survivors.  The level of IL-1 receptor 
antagonist was shown to associate with disease mortality[8].  
IL-1毬, IFN-毭, IL-4, IL-6, IL-13, IL-7 and granulocyte-
macrophage colony stimulating factor (GM-CSF) were 
significantly increased in patients with severe manifestations 
compared with patients with mild disease. IL-1毬, IL-8, 
TNF-毩 and monocyte-chemotactic protein-1 (MCP-1) were 
associated with marked thrombocytopenia.  Bozza et al 
demonstrated that macrophage inflammatory protein-1beta 
(MIP-1毬) was a good prognostic marker whereas IFN-毭 
was associated with disease severity[9].
  The increase of cytokines in dengue virus infection can be 
the results of the increased cytokine production or down-
regulation of cytokine regulator. IL-18 is a member of the 
IL-1 family. It was originally known as an interferon-gamma 
inducing cytokine. IFN-毭enhances macrophage, natural 
killer (NK) cell and cytotoxic T cell activity. For those 
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reasons, IL-18 has been studied as a cytokine involved in 
host defense especially in killing of intracellular organisms 
and eradication of cancer cells. The predominant cell 
sources of IL-18 are macrophages and dendritic cells[10]. IL-
18 binding protein (BP) is a natural IL-18 antagonist. Binding 
of IL-18BP to IL-18 prevents IL-18 from binding to IL-18R毩 
on the target cell membrane[11]. Functional homologues of 
human IL-18BP encoded by viruses such as orthopoxviruses 
have been shown  to inhibit IL-18 activity[12]. There are four 
isotypes (IL-18BPa, b, c and d) of human IL-18BP generated 
from alternative mRNA splicing.Only IL-18BPa and IL-18BPc 
have intact Ig-like domains and can neutralize IL-18. The 
role of the other two isoforms is still unknown[13].
  The level of IFN-毭, a T helper 1 cytokine, has been shown 
to correlate with severity of dengue virus infection[9]. IL-18 is 
an IFN-毭 inducing cytokine and its level was increased in 
patients with dengue virus infection. Moreover, the level of 
IL-18 correlates with disease severity[14]. IL-18 neutralization 
by IL-18BP regulates IL-18 activity resulting in controlling 
immune response induced by IFN-毭. Regulation of IL-18 by 
its natural inhibitor could be another promising tool for the 
development of disease therapy.  In this study, the levels of 
serum IL-18 and IL-18BP were determined in patients with 
DF and DHF.
 

2. Materials and methods

  The study protocol was approved by the Ethical Committee, 
Faculty of Medicine, Chulalongkorn University. 

2.1. Specimens

  Sera from patients with suspected dengue virus infection 
were obtained from the Center of Excellence in Clinical 
Virology, Faculty of Medicine, Chulalongkorn University. 
  Paired sera positive by IgM ELISA and RT-PCR for dengue 
virus were included in this study. The samples were divided 
into DF and DHF groups which were composed of 32 and 48 
pairs of sera, respectively.

2.2. Determination of IL-18 and IL-18BP levels by captured 
ELISA 

  The levels of IL-18 and IL-18BP were determined by 
captured ELISA purchased from MBL (Nagoya, Japan) and 
R&D Systems (MN, USA), respectively. The assays were 
performed according to the manufacturer’s instruction.  
Briefly, for IL-18 determination, sera and standard solution 
were added into anti-IL-18-coated wells. IL-18 was then 
captured by anti-IL-18 conjugated with peroxidase  and 
the presence of IL-18 was demonstrated by adding TMB 
substrate.  The absorbance at 450/620 nm was read by a dual 
wavelength plate reader. A standard curve was constructed 
and the concentration of IL-18 in samples was read from the 
standard curve.
  For determining the level of IL-18BP, the microtiter plate 
was coated with antibody to IL-18BPa, the isoform with 
widely known IL-18 neutralizing activity. The plate was 
blocked with 1%BSA in phosphate buffer saline. Sera and 
standard solution were then added. IL-18BPa was captured 
by adding biotinylated anti-IL-18BPa. The presence of IL-
18BPa was demonstrated by adding streptavidin-horse 
radish peroxidase followed by TMB substrate. Absorbance at 
450/570 nm was read and the standard curve was constructed 
according to the manufacturer’s suggestion. The IL-18BPa 
level was read from the standard curve.  

2.3. Statistical analysis

  Paired t-test was used to demonstrate the difference 
between IL-18 or IL-18BP levels in acute and convalescent 
sera. The difference between the levels in control and patient 
groups and between DF and DHF group was determined by 
unpaired t-test. P-values <0.05 were considered statistically 
different.  

3. Results 

  The levels of IL-18 and IL-18BP in 20 sera from healthy 
blood donors were determined by the same reagents and 
methods used in this study and previously reported[15]. IL-
18 and IL-18BP levels in control, DF and DHF groups were 
shown in Table 1 and Figure 1. Levels of IL-18 and IL-18BP 
in sera from patients with dengue virus infection, both DF 
and DHF groups, were statistically higher than the levels 
in sera from the control group (P<0.001). This suggested an 
increase in IL-18 and IL-18BP levels following dengue virus 
infection. 

  In both DF and DHF groups, the mean of IL-18 level in 
convalescent sera was lower than in acute sera. However, 
the lower levels observed were not statistically different. 
In contrast, the levels of IL-18BP in convalescent sera were 
significantly lower than the levels in acute sera (P<0.001 for 
both DF and DHF groups).  
  The ratios between IL-18/IL-18BP levels were determined.  
There was no statistically difference between the ratio of 
IL-18 and IL-18BP levels in acute and convalescent sera.  
The levels of IL-18, IL-18BP and IL-18/IL-18BP ratio were 
compared between DF and DHF groups. There was no 
statistically difference observed.

4. Discussion

  IL-18 promotes IFN-毭 production and the level of IFN-毭 has 
been shown to associate with disease severity[9].According 
to our data, both IL-18 and IL-18BP levels were increased 
in patients with dengue virus infection when compared 
with controls. This demonstrated that dengue virus  
infection induces IL-18 and IL-18BP production. IL-18BP
is a natural regulator of IL-18 and is induced by IFN-毭. 
This suggests that IFN-毭 provides the negative feedback 
for IL-18 suppression by inducing IL-18BP production. 
Although the levels of IL-18BP were increased following 
infection, the levels of IL-18BP were lower in convalescent 
sera than in acute sera. The lower level of IL-18BP in 
convalescent sera was probably due to the loss following IL-
18 neutralization. The proposed mechanism of IL-18 and 
IL-18BP involvement in dengue virus infection might be: 
Dengue virus infection induces IL-18 secretion resulting in 

Table 1
Summary of IL-18 and IL-18BP levels (mean依SD).

Infection IL-18 (pg/mL) IL-18BP
(ng/mL) IL-18/IL-18BP

DF Acute 695.56 依 349.76 2.75 依 1.32 0.31 依 0.20
Convalescent 626.94 依 357.01 2.15 依 0.94 0.34 依 0.26

DHF Acute 625.00 依 301.75 2.93 依 1.47 0.28 依 0.22
Convalescent 585.16 依 315.43 2.32 依 1.20 0.32 依 0.23
Control 62.95 依 36.63 0.50 依 0.12  -
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enhanced IFN-毭 production. The increased IFN-毭 induces 
IL-18BP production. IL-18BP negatively regulates Th1 
response by neutralizing IL-18 activity. Although IL-18BP 
production was enhanced when compared with the controls, 
its amount was still not sufficient to significantly reduce the 
level of IL-18 in the course of infection.  In addition, while 
IL-18BP was reduced, IL-18 level could probably be induced 
continuously.
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Figure 1.  Comparison of IL-18 and IL-18BP levels in control, acute 
and convalescent sera. 
The levels of IL-18 (A and B) and IL-18BP (C and D) in sera from 
control group and in acute and convalescent sera from patients with 
dengue virus infection, DF (A and C) and DHF (B and D) groups, 
were determined by captured ELISA as described in Materials and 
methods.    

  The inhibition of IL-18 activity by IL-18BP could be 
one of the mechanisms that regulate immune response.
Imbalance between IL-18 and IL-18BP production could 
be the underlying cause of immunopathological diseases.  
In this study, the levels of IL-18 and IL-18BP and the ratio 
of IL-18/IL-18BP were not statistically different among 
patients with DF and DHF. It is possible that DHF samples 
obtained in this study were from grade I and grade II DHF 
patients.Further investigating in samples from patients 
with more severe forms of disease could better suggest 
whether the levels of IL-18 and IL-18BP or their ratio are 

useful for disease prognosis. However, the results of this 
study suggested the involvement of IL-18BP, a natural IL-
18 regulator, in immune response following dengue virus 
infection. Understanding the immune response to dengue 
virus infection will provide further information for safe and 
effective vaccine development. 

Conflict of interest statement

  We declear that we have no conflict of interest.

Acknowledgements

  This study was supported by Rachadapisek Sompoch 
Research Fund, Faculty of Medicine, Chulalongkorn 
University. 

References

[1]   Kurane I. Dengue hemorrhagic fever with special emphasis on 
immunopathogenesis. Comp Immunol Microbiol Infec Dis 2007; 
30(5-6): 329-40.

[2]   Green S, Rothman A. Immunopathological mechanisms in dengue 
and dengue hemorrhagic fever. Curr Opinion Infec Dis 2006; 
19(5): 429-36.

[3]   Kurane I, Ennis FE. Immunity and immunopathology in dengue 
virus infections. Semin Immunol 1992; 4(2): 121-7.

[4]   Anderson R, Wang S, Osiowy C, Issekutz AC. Activation of 
endothelial cells via antibody-enhanced dengue virus infection of 
peripheral blood monocytes. J Virol 1997; 71(6): 4226-32.

[5]   Avirutnan P, Malasit P, Seliger B, Bhakdi S, Husmann M. Dengue 
virus infection of human endothelial cells leads to chemokine 
production, complement activation, and apoptosis. J Immunol 
1998; 161(11): 6338-46.

[6]   King CA, Marshall JS, Alshurafa H, Anderson R. Release of 
vasoactive cytokines by antibody-enhanced dengue virus infection 
of a human mast cell/basophil line. J Virol 2000; 74(15): 7146-
50.

[7]   Gagnon SJ, Ennis FA, Rothman AL. Bystander target cell lysis 
and cytokine production by dengue virus-specific human CD4(+) 
cytotoxic T-lymphocyte clones. J Virol 1999; 73(5): 3623-9.

[8]   Suharti C, van Gorp EC, Dolmans WM, Setiati TE, Hack CE, 
Djokomoeljanto R, et al. Cytokine patterns during dengue shock 
syndrome. Eur Cytokine Network 2003; 14(3):172-7.

[9]   Bozza FA, Cruz OG, Zagne SM, Azeredo EL, Nogueira RM, Assis 
EF, et al. Multiplex cytokine profile from dengue patients: MIP-
1beta and IFN-gamma as predictive factors for severity. BMC 
Infect Dis 2008; 8: 86.

[10] Nakanishi K, Yoshimoto T, Tsutsui H, Okamura H. Interleukin-
18 is a unique cytokine that stimulates both Th1 and Th2 
responses depending on its cytokine milieu. Cytokine Growth 
Factor Rev 2001; 12(1):53-72.

[11] Arend WP, Palmer G, Gabay C. IL-1, IL-18, and IL-33 families 
of cytokines. Immunol Rev 2008; 223: 20-38.

[12] Krumm B, Meng X, Li Y, Xiang Y, Deng J. Structural basis for 
antagonism of human interleukin 18 by poxvirus interleukin 18-
binding protein. Proc Natl Acad Sci USA 2008; 105(52): 20711-5.

[13] Kimura T, Kato Z, Ohnishi H, Tochio H, Shirakawa M, Kondo N. 
Expression, purification and structural analysis of human IL-18 
binding protein: a potent therapeutic molecule for allergy. Allergol 
Int 2008; 57(4): 367-76.

[14] Mustafa AS, Elbishbishi EA, Agarwal R, Chaturvedi UC. Elevated levels 
of interleukin-13 and IL-18 in patients with dengue hemorrhagic fever. 
FEMS Immunol Med Microbiol 2001; 30(3): 229-33.

[15] Chirathaworn C, Rianthavorn P, Wuttirattanakowit N, Poovorawan 
Y. Serum IL-18 and IL-18BP levels in patients with Chikungunya 
virus infection. Viral Immunol 2010; 23(1): 113-7.


