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Serum Nitric Oxide in Children with
Dengue Infection
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SUMMARY One hundred and ten patients (M/F=67/43) from King Chulalongkorn Memorial Hospital and the pro-
vincial hospitals of Uttaradit, Ayudhaya, and Sakonnakorn, who were clinically diagnosed with dengue infection and
serologically confirmed by ELISA anti-Dengue IgM and IgG were recruited. Their serum NO level was measured us-
ing commercially available assay kits to investigate its correlation with the severity of the dengue infection: dengue
fever (DF), DHF V/ll, and DHF 11I/IV or dengue shock syndrome (DSS). Serum NO levels were also measured in 38
healthy controls (M/F=19/19). Serum NO levels in dengue patients were lower than those of the controls (control =
168.18 + 24.10 pmol/l, DF= 124.94 + 36.79 pumol/l, DHF /1l = 99.69 + 33.42 pmol/l, and DHF Ill/IV = 120.63 + 46.26
pmol/l; p < 0.05). Serum NO levels in patients with DHF I/Il were significantly lower than in those with DHF 11I/1V.
These preliminary data revealed that levels of serum NO in dengue patients were significantly lower than those of
normal controls. Patients with DSS had higher NO levels than those with DHF I/ll. The decreased NO in dengue pa-
tients could be due to endothelial damage rendering the endothelium incapable of producing NO. Endothelial func-
tion seems to play a role in the pathogenesis of dengue infection. Further studies are required to see whether serum
NO levels could play a role in the course of the disease and could help predict the severity of dengue infection.

The World Health Organization (WHO) es-
timates 50-100 million illnesses from dengue infec-
tion annually, including 250,000-500,000 cases of
dengue hemorrhagic fever (DHF) and 24,000 deaths.
In addition, more than two-fifths of the world’s
population (2.5 billion people) live in dengue endemic
or high-risk areas.! DHF has been a major cause of
severe illness and death among children in Southeast
Asia. The clinical picture is characterized by high
continuous fever, hemorrhagic manifestations (posi-
tive tourniquet test, petechiae, epistaxis, hematemesis
and melena), and hypovolemic shock in cases of
dengue shock syndrome (DSS).

Increased capillary permeability and damage
of endothelial cells as a response to dengue viral in-

fection can manifest as any combination of hemo-
concentration, pleural effusion or ascites.” In order
to maintain the homeostasis of the body and respond
to the invasion by countless foreign organisms, blood
vessels secrete a variety of cytokines, such as nitric
oxide (NO), which regulates the contraction of both
smooth muscle cells and vascular tissue. NO can
lead to vasodilatation and reduction of systemic vas-
cular resistance, which could lead to hypotension,
shock, and inevitably death if not corrected.
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NO levels are elevated in many infectious
diseases including dengue infection. When the dengue
virus was co-cultured with human Kupffer or spleen
cells, increased production of NO was detected.’*
Although NO levels in DHF patients were similar to
those of healthy controls, elevated levels of NO were
found in dengue fever (DF) patients.” However, no
previous reports have as yet described the levels of
NO in patients with DHF III and IV, conclusively
known as DSS. This study attempted to correlate NO
levels in three groups with different severity ranging
from DF, DHF I/II, to DSS, and to compare the re-
sults with a control group.

MATERIALS AND METHODS

This study was approved by the Ethics Com-
mittee of the Faculty of Medicine, Chulalongkorn
University. The subjects who participated in this
study were informed of the objective of the study
and a written consent was obtained from them before
their recruitment.

Population

Patients who were clinically diagnosed with
DF or DHF during the period of January 2003 to
January 2004 were recruited from King Chulalong-
korn Memorial Hospital and three other provincial
hospitals (Ayudhaya, Sakonnakorn, and Uttaradit).
Only sera, which were serologically confirmed by
anti-Dengue IgM and IgG ELISA (NovaTec Immun-
diagnostica  GmbH®, Technologie & Waldpark,
Dietzenbach, Germany) were included in this study.
Healthy age-matched controls were obtained from
previous dengue patients who came in for a six
months follow-up and from healthy children who
were on their routine vaccination visit. The mean
ages = SD of patients with DF (n = 37), DHF [ (n =
19), DHF II (n = 17), DHF 1II (n = 28), DHF IV (n =
9), and healthy controls were 9.97 + 2.87, 10.89 +
2.37, 11.07 + 2.89, 9.14 + 3.67, 9.27 + 4.12, and
10.71 £ 2.15 years, respectively. Clotted blood sam-
ples were obtained on the day of admission during
the febrile stage of the disease. Sera were separated
and kept at -70°C until tested. The dengue patients
were classified into different groups based on the
clinical severity: DF, DHF grade I, II, III, and IV ac-
cording to WHO criteria.'

Nitric oxide measurement

The concentration of NO is indirectly meas-
ured by determining both nitrate and nitrite levels in
the sample. Total serum NO was measured by utilizing
a nitric oxide (NO,/NO5) assay kit (Saliva Sac®,
Pacific Biometrics Inc., Seattle, WA, USA), following
the manufacturer’s instructions. This assay determines
nitric oxide based on the enzymatic conversion of ni-
trate to nitrite by nitrate reductase. The reaction is
followed by a colorimetric detection of nitrite as an
azo dye product of the Griess reaction. The Griess
reaction is based on the two-step diazotization reac-
tion in which acidified NO, produces a nitrosating
agent, which reacts with sulfanilic acid to produce
the diazonium ion. This ion is then coupled to N-(1-
naphthyl) ethylenediamine to form the chromophoric
azo-derivative which absorbs light at 540 nm.

Data analysis

Statistical analysis was performed with
SPSS software (version 11.5). Data were expressed
as mean * standard deviation. Differences between
groups were analyzed by one-way ANOVA and t-
test. The statistical test used was the Spearman non-
parametric 2 tailed correlation test. P-values of less
than 0.05 were considered statistically significant.

RESULTS

Demographic and laboratory data of healthy
controls and patients with dengue infection recruited
in this study are shown in Table 1. Serum NO levels
of the control group, patients with DF, DHF I, II, III,
and IV were 168.18 £ 24.10, 124.94 £ 36.79, 102.01 +
26.89, 97.11 + 40.20, 122.39 + 50.06, and 115.15 +
33.58 umol/l, respectively. The analysis showed that
serum NO levels of the control group were signifi-
cantly higher than those of the groups with dengue
infection (Fig. 1). DF and DSS patients had compa-
rable serum NO levels which were significantly
higher than those in patients with DHF I/II (Fig. 1).

DISCUSSION

Nitric oxide, a gaseous molecule, is a product
accompanying L-citrulline from the conversion of L-
arginine and oxygen by P450-like enzymes called NO
synthases (NOS).® Currently, NOS are classified into
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Table 1 Demographic and laboratory data of healthy controls and patients with dengue infection
Control DF DHF | DHF Il DHF III DHF IV
(n=38) (n=37) (n=19) (n=17) (n=28) (n=9)
Male/Female 19/19 22/15 10/9 12/5 16/12 712
gz;"atocr't NA 3868+420  4225:648  38.67+6.62 43.85+5.47 45.80 £ 9.08
Platelets NA 76,763 57,333 58, 250 58,778 30,833
(cell/mm®)
g}é‘l‘)m'” NA 3.68 +0.43 3.42+0.31 3.68 +0.51 3.08 +0.62 3.40 £1.07
AST (U/l) 2250+4.31 103.31+71.87 15258+9595 219.53+137.96 387.61+962.73  3,808.11 + 7,322.09
ALT (UN) 9.13+164 5353+3349  89.53+7405  112.47+8548  136.93+31359  1,106.56 + 2,040.54
three isoforms, namely: endothelial NOS (eNOS), "
inducible NOS (iNOS), and neuronal NOS (nNOS). In : ) '
. . . . . . . I L 1
addition to constltutlye expression, eNOS in arterial W — i st
and venous endothelial cells can also be induced by 250 - e
specific extracellular stimuli such as shear stress, T o ‘.

. .. 7 . . . K] 2001 E = Ay PN
adenosine, and bradykinins.” The main physiologic 5 T % e
function of eNOS-derived NO is vasodilatation. iNOS XS 150 1 i o

. © S
can be found in several cell types, such as macro- - A &

X . £ 3 100 - b

phages as well as endothelial cells, and is expressed £ PRI LM L R
when appropriate stimuli such as lipopolysaccharide 2 50 -
(LPS) or interferon gamma (IFN-y) are applied.® In L b
response to inflammatory cytokines from cellular in- Control DF DHF Ul DHF IV
jury and inflammation, iNOS is stimulated to pro- .= p<0.06

duce NO independent of changes in intracellular cal-
cium. NO released from macrophages and vascular
endothelial cells plays an important role in adjusting
the diameter of blood vessels, remodeling blood ves-
sels, and inhibiting leukocyte adhesion, platelet ag-
gregation, and contractile cell proliferation.”"'

Endothelial cells and macrophages are among
the targets of the dengue virus. Damage to endothe-
lial cells in dengue infection may reduce effective-
ness of the permeability of the endothelial barrier,
and hence disrupt the regulation of the vascular tone.
Dengue virus antigen can be found in Kupffer cells
and sinusoidal lining cells in the liver.'> Dengue virus
serotype 2 has been shown to have the highest virus
replication in human cultured endothelial cells. Pre-
vious reports suggested that dengue virus-infected
monocytes or macrophages resulted in T-cell activa-
tion and cytokine production.”*'* The dengue virus is
capable of inducing apoptosis, immune complex
formation, complement activation, and chemokine

Serum nitric oxide (mean £ SD)

168.18 +24.10
124.94 £+ 36.79
99.69 +33.42
12063 £ 46.26

Control

= pmolfl
DF =

pmaolfl
pumaolfl
umaolfl

DHF 111
DHF i

Fig. 1 Serum nitric oxide level (mean + standard de-
viation) in controls and patients with a different
clinical severity of dengue infection

production leading to shock, vasculopathy, throm-
bopathy and disseminated intravascular coagulation
(DIC) in severe infection.'"’

From this study it has become clear that levels
of serum NO in the control group were higher than
those in patients with dengue infection ranging from
dengue fever to all grades of DHF. The decreased
NO in dengue patients could be due to endothelial
damage rendering the endothelium incapable of pro-
ducing NO. Endothelial cell apoptosis caused by the
presence of cross-reactive anti-endothelial cell anti-
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body (AECA) via a NO-mediated mechanism was
demonstrated in dengue virus infections.'™"” Damage
of endothelial cells as well as failure of eNOS and
iNOS could be involved in dengue infection. In addi-
tion, levels of transcript for eNOS in vascular endo-
thelial cells are reduced by inflammatory stimuli,
such as tumor necrosis factor alpha (TNF-a),”° which
has been reported to be elevated in dengue infec-
tion.”! In agreement with Valero’s finding,” NO levels
in DF patients are significantly higher than in DHF I
and II. The underlying mechanism may be explained
by NO leaking together with plasma into the inter-
stitium as a result of increased vascular permeability
in DHF patients. A previous study by Valero et al.
showed that different dengue serotypes did not yield
significantly different NO levels.” NO appears to be
involved in the progression of dengue infection in-
dependent of the serotype of the dengue virus.

The pattern of low serum NO levels in the
DHF I/II group and high serum NO levels in the
DSS group is similar to the NO pattern studied in pa-
tients with and without septic shock by Endo et al.”
It appears that both the increase and the decrease of
NO levels might be due to eNOS and iNOS. When
compared to DHF I/II, higher serum NO levels in
DSS may be explained by the fact that NO genera-
tion protects the liver from ischemic-reperfusion (I/R)
injury and NO may confer a protective mechanism
against apoptotic stimuli in DSS. In liver transplan-
tation, NO seems to contribute to the protective ef-
fects of ischemic preconditioning, a paradoxical
phenomenon by which brief periods of vascular oc-
clusion protect the liver from subsequent I/R in-
jury.”?* An inhibitory or enhancing effect of NO-
mediated apoptosis is dependent on NO concentra-
tion, cell type, and the oxidative milieu.”>*’ In addi-
tion, iNOS-synthesized NO can enhance the expres-
sion of Bcl-2 and Bcl-xL and protect endothelial
cells from apoptosis.*® These effects of NO might
play certain roles in counteracting I/R injury and
apoptosis in DSS.

Taken together, these preliminary data dem-
onstrate that NO might not be the sole contributing
factor for the severity of dengue infection. Endothe-
lial function seems to play a role in the pathogenesis
of dengue infection. Further studies are required to
see whether serum NO levels could play a role in the

course of the disease and could help predict the se-
verity of dengue infection.
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