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Abstract

The pathological mechanism of dengue haemorrhagic fever (DHF) is still poorly understood. Previous
studies have suggested that immune responses contribute to an increase in capillary permeability. We
examined the levels of cytokines and activated endothelial substances in serum samples collected from
DHF patients in Indonesia. We measured the levels of soluble TNF-R1, MCP-1, GM-CSF, IL-17, TNF-α,
soluble thrombomodulin, soluble E-selectin, soluble ICAM-1 and soluble VCAM-1. The levels of
activated endothelial substances such as sE-selectin, sICAM-1 and sVCAM-1 were higher in DHF patients
than in healthy controls. High levels of soluble activated endothelial substances suggest that endothelial
cells are highly activated. When compared with patients with other febrile illness (OFI) or healthy
controls, the levels of sTNF-R1 were higher in DHF patients. A similar trend was observed in the level of
thrombomodulin. MCP-1, GM-CSF and IL-17 were not detected in serum samples from any patients
and healthy controls. TNF-α was detected in 5(9%) of 53 patients. The results suggest that endothelial
cells are highly activated in DHF patients and TNF-α is one of the factors which contributes to the
activation.
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Introduction

Dengue virus infection continues to increase
in tropical and sub-tropical countries. Dengue
virus causes a spectrum of clinical illnesses

ranging from a mild disease as dengue fever
(DF) to dengue haemorrhagic fever (DHF) and
dengue shock syndrome (DSS).[1] It is estimated
that up to 100 million individuals are infected
with dengue virus, and 500 000 cases of DHF
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and 25 000 deaths occur annually.[1] The
pathological mechanisms of DHF are still poorly
understood. The role of host immune responses
have been examined in a number of studies.
These studies have suggested that different
types of cytokines and abnormalities in
coagulation may cause an increase in the
capillary permeability, the hallmark of DHF.[2,3]

The absence of massive structural damage,
a short-lived nature of the plasma leakage
syndrome and a remarkably rapid recovery of
children with DSS all suggest that altered
permeability is induced by soluble mediators.[4]

It has been reported that serum levels of
tumour necrosis factor alpha (TNF-α) are
elevated in patients with dengue haemorrhagic
fever.[5,6] The role of TNF-α in the increased
permeability of vascular endothelial cells has
been postulated.[7,8]

TNF-α starts to affect cell function by
binding to the specific, high-affinity receptors
on the surface; TNF-R1 (p55 TNFR) and TNF-
R2 (p75 TNFR).[9,10] Soluble forms of TNF-R1
and TNF-R2 are present in the serum[11] and
appear to play a role as modulators of the
biological function of TNF-α, modifying the
function and availability of TNF-α. [12,13]

Measuring sTNFRs in serum offers some
advantages compared with direct qualification
of TNF-α, because TNF-α is rapidly cleared
from circulation, and some assays are unable
to detect TNF-α bound to soluble TNFRs.[14]

Soluble TNFRs are very stable and their serum
concentrations correlate well with those of
TNF-α.[15,16]

Most of the biological effects induced by
TNF-α have been shown to be mediated by
TNF-R1.[17] TNF-alpha induces expression of
adhesion molecules such as ICAM-1, VCAM-1
and E-selectin under the control of TNF-R1.[18]

TNF-R1 also plays a key role in TNF-alpha-
dependent responses that include proliferation,
differentiation and apoptosis.[19] Wachtel et al.

(2001)[20] showed that down regulation of tight
junction components such as occluding by TNF
is mediated via TNF-R1.

In the present study, we examined the
level of sTNF-R1 in serum samples from DHF
patients. In addition, we also measured the
levels of thrombomodulin and activation
molecules released from endothelial cells in
the serum samples.

Materials and methods

Study population

Blood specimens were collected from 53
patients admitted to Cipto Mangunkusumo
Hospital, Jakarta, Indonesia, between May and
August 2002. After informed consent was
obtained, blood specimens were obtained from
adult patients with suspected dengue infection.
The patients were diagnosed as dengue virus
infection by clinical findings and laboratory
confirmation – IgM-capture ELISA (PanBio,
Brisbane, Australia) and IgG-capture ELISA
(PanBio, Brisbane, Australia). The patients were
clinically classified as DHF according to the
criteria of the World Health Organization;[21]

grade I: fever associated with non-specific
constitutional symptom and positive torniquet
test as the only haemorrhagic manifestation;
grade II: the same symptom with grade I with
the spontaneous haemorrhagic manifestation;
grade III: circulatory failure manifested by rapid,
weak pulse with narrowing of the pulse
pressure (<20 mm of Hg) or hypotension; grade
IV: profound shock with undetectable blood
pressure and pulse.

Fifty-three patients are included in this
study – 25 females and 28 males, with an
average age of 26.75±10.77 years. Eighteen
patients were classified as DHF grade II, and
24 patients as DHF grade I; 11 patients as non-
dengue infection (other febrile illness, OFI).
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Plasma samples were also obtained from 20
healthy donors with a mean age of 37.29±9.67
years as controls.

Serum sample

Peripheral blood (5–10 ml) was drawn into sterile
tubes containing EDTA. Blood samples were
collected everyday from the day of admission
until the days when body temperature and
thrombocyte count became normal. Blood
specimens were centrifuged at 800 rpm for 10
minutes and the plasma was separated and then
stored at –80 °C until use. The plasma samples
were transported to the NIID, Tokyo, Japan, in
dry ice and stored at –80 °C until use.

Measurement of level of cytokines,
chemokines and activated
endothelial substance by
standard ELISA

Levels of tumour necrosis factor-α (TNF-α),
monocyte chemoattractant protein-1 (MCP-1),
interleukin 17 (IL-17), granulocyte macrophage
colony stimulating factor (GM-CSF), soluble E-
selectin, soluble vascular cell adhesion
molecule-1 (sVCAM-1) and ICAM-1 were
assessed with ELISA kits, according to the manual
of the manufacturer (BioSource International
Inc., USA). Levels of soluble tumour necrosis
factor receptor 1 (s TNF-R1) were measured
using a human sTNF-R1 immunoassay (R&D
Systems, Inc., USA). Levels of thrombomodulin
were measured with soluble CD141 ELISA kits
(Diaclone Research, France).

Statistical analysis

Differences were statistically analysed by
Mann-Whitney U-test. The difference was
considered to be significant, when p value was
less than 0.05.

Results

Level of TNF-R1

Levels of soluble TNF-R1 in DHF patients, OFI
patients during disease days 1–15 and healthy
controls are shown in Figure 1. The highest
mean levels were 230.51±67.07 pg/ml on day
4 after onset of fever in patients with grade II
and 245.02±47.72 pg/ml on day 10 after onset
of fever in patients with grade I. The highest
mean level was 184±77.64 pg/ml in patients
with OFI, and the mean level in healthy
controls was 59.37±15.12 pg/ml. The levels
of soluble TNF-R1 in patients with grades I and
II were significantly higher those in healthy
controls, and those in patients with OFI on
days 7, 8 and 9 after onset of fever.

Figure 1: Variation of level of soluble TNF-
R1 in the plasma of DHF patients, other
febrile illness (OFI) patients and healthy

controls on days after onset of fever
[The symbol represents the soluble TNF-R1

value obtained from individual patients]
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Level of thrombomodulin, sE-selectin,
sVCAM-1 and sICAM-1

The levels of thrombomodulin, soluble E-
selectin, soluble VCAM-1 and soluble ICAM-1
were assessed as markers for activation of
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endothelial cells. The levels of
thrombomodulin are shown in Figure 2. The
highest mean titres were 35.42±34.44 ng/ml
on day 10 after onset of fever and
18.26±12.94 ng/ml on day 7 after onset of
fever in patients with grade II and grade I
respectively. The highest mean level in patients
with OFI was 14.5±10.24 ng/ml. The levels
of thrombomodulin in DHF grade II and I were
significantly higher than those in healthy
controls. When DHF grade II and grade I were
compared with OFI, the levels were higher in
DHF grade II and I on days 6 and 7 (p<0.05).

The levels of soluble E-selectin are shown
in Figure 3. The highest mean level was
119.82±75.18 ng/ml on day 4 after onset of
fever in DHF grade II and 114.2±86.67 ng/ml
on day 10 after onset of fever in DHF grade I.
In OFI patients the highest mean level was
65.45±21.20 ng/ml at 7 days after onset of
fever. In healthy controls the level was
43.11±10.02 ng/ml. The level of E-selectin was
higher in DHF grade II and grade I than in
healthy controls (p<0.05).

The levels of soluble VCAM-1 in patients
and healthy controls are shown in Figure 4.
The highest mean level found in DHF grade II
was 291.23±149.05 ng/ml on day 4 after onset
of fever, and that in DHF grade I was

Figure 2: Variation of level of
thrombomodulin in the plasma of DHF

patients, other febrile illness (OFI)
patients and healthy controls on days after

onset of fever
[The symbol represents the thrombomodulin

value obtained from individual patients]
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Figure 3: Variation of level of
soluble E-selectin in the plasma of DHF

patients, other febrile illness (OFI)
patients and healthy controls on days after

onset of fever
[The symbol represents the soluble E-selectin

value obtained from individual patients]
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Figure 4: Variation of level of
soluble VCAM-1 in the plasma of DHF

patients, other febrile illness (OFI)
patients and healthy controls on days after

onset of fever
[The symbol represents the soluble VCAM-1

value obtained from individual patients]
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109.79±27.71 ng/ml on day 10 after onset of
fever. The highest level of sVCAM-1 was
81.46±17.15 ng/ml in OFI patients, and the
level was 7.01±2.51 ng/ml in healthy controls.
The levels of sVCAM-1 were significantly higher
in DHF grades II and I than in healthy controls.
When DHF grade II patients were compared
with OFI, significant differences were observed
from day 4 to day 9 after onset of fever.

The levels of soluble ICAM-1 are shown
in Figure 5. Low level was observed in healthy
controls (12.4±3.11 ng/ml). The highest mean
level in DHF grade II was 32.99±17.67 ng/ml
on day 4 after onset of fever, and in DHF grade
I, the highest mean level was 21.23±6.52 ng/
ml on day 10 after onset of fever. The highest
mean level in OFI patients was 21.63±9.6 ng/
ml at day 10 after onset of fever. The levels of
sICAM-1 were significantly higher in patients
with DHF than in healthy controls, which
showed a significant difference (p<0.05).

A correlation was not found among plasma
level sTNF-R1 with the level of activated

endothelial substances. The highest levels of
cytokines and activated endothelial substances
were detected on the same days after onset
of fever. For example, in DHF grade II patients,
the highest mean levels of sTNF-R1 sE-selectin,
sVCAM-1 and sICAM-1 were detected on day
4 after onset of fever. In DHF grade I, the
highest levels of sTNF-R1, sE-selectin, sVCAM-
1 and sICAM-1 were detected on day 10 after
onset of fever.

Level of other cytokines

The plasma samples were also examined for
the levels of TNF-α, MCP-1, GM-CSF and IL-
17. TNF-α was detected in 5(9%) of 53 patients
with DHF, but were not detected in any of the
healthy controls. MCP-1, GM-CSF and IL-17
were not detected in plasma samples from any
of the DHF patients or healthy controls.

Discussion

It has been hypothesized that DHF is caused
by soluble mediator induced in immune
responses. Recent studies have demonstrated
the elevation of multiple mediators in DHF
patients, including IL-6,[22] tumour necrosis
factor alpha (TNF-α),[6] IL-10,[23] IFN-gamma
(IFN-γ),[24] and IL-2.[25] In the present study we
did not find high levels of TNF-α; however,
levels of TNF-R1 were higher in DHF patients
than in healthy controls or patients with OFI.
Direct qualification of TNF-α is often difficult
because TNF-α is rapidly cleared from the
circulation and some assays cannot detect TNF-
α bound to soluble TNFRs.[14]

It has been known that TNF-α has many
effects on the endothelial cell barrier functions.
TNF-α induces the release of cytokines and
chemokines,[26] the production of enzymes,
such as cyclooxygenases-2[27] and nitric oxide
synthesis. [28] TNF-α also increases the

Figure 5: Variation of level of
soluble ICAM-1 in the plasma of DHF

patients, other febrile illness (OFI)
patients and healthy controls on days after

onset of fever
[The symbol represents the soluble ICAM-1

value obtained from individual patients]
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expression of adhesion molecules on
endothelial cells.[29] Ferrero et al. 2001[30]

showed that TNF induced alteration of
endothelial permeability in vitro and in vivo
via TNF-R1. High levels of TNF-R1 in DHF
patients suggest that TNF-α may play important
roles in the development of DHF, because the
level of sTNFRs in serum correlate well with
the level of TNF-α[15,16] and because most of
the biological effects of TNF-α have been
attributed to TNF-R1.[17]

Endothelial cells line the inner surface of
blood vessels, and play an important role in
vascular functions as a barrier between blood
and interstitial compartments.[31] It is known
that hormones, cytokines and neurotransmitters
regulate endothelial cell functions.[32] We found
that levels of activated endothelial substances
– sICAM-1, sVCAM-1 and sE-selectin – were
elevated in DHF patients. Elevation of these
substances in serum indicates that endothelial
cells are activated during dengue virus infection.

In addition, we measured the levels of an
endothelial cell injure marker, thrombomodulin.
We found that mean levels of thrombomodulin
were elevated in DHF patients compared to
those in healthy controls and in patients with
OFI. Thrombomodulin is an endothelial cell
surface glycoprotein and possesses an

anticoagulant property. This protein was
immobilized onto polytetrafluorethylene
surfaces to create biomaterials with enhanced
haemocompatibility.[33] Thrombomodulin as a
thrombin-binding protein serves to initiate the
protein C anticoagulant pathway.[34] High levels
of thrombomodulin in the microcirculation
suggest that thrombin might accumulate and
ultimately lead to microvascular occlusion.[35]

It is well-known that thrombin increases the
permeability of endothelial cells.[32] We feel
that high levels of thrombomodulin in DHF
patients reflect the functional changes of
vascular endothelial cells in patients with DHF.
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