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INTRODUCTION

Dengue infection is one of the most impor-
tant mosquito-borne viral diseases in humans.
It is characterized by fever, bleeding diathesis,
and a tendency to develop a potentially fatal
shock syndrome. The pathological process of
dengue hemorrhagic fever is an acute increase
in vascular permeability, resulting in hypovolemic
shock (Pancharoen et al, 2002). Theoretically,
during the course of the disease, intestinal mu-
cosal perfusion is probably compromized due
to increased capillary permeability (Malavige et
al, 2004). However, the proof of intestinal mu-
cosal injury in dengue infection has not been in-
vestigated. Since acute liver failure and encepha-
lopathy are complications in severe dengue in-
fection (Thisyakorn et al, 1999), together with
the fact that organ failure can be induced by in-
testinal mucosal injury (Lieberman et al, 1998),
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Abstract. The aim of this study was to determine whether there is an association between dengue
infection and intestinal mucosal injury. Serum levels of intestinal fatty acid binding protein (I-FABP)
were used as a specific marker for mucosal injury. The diagnosis of all patients was serologically
confirmed by anti-dengue IgG or IgM. Serum I-FABP levels of 120 patients were determined and
compared to those of 25 controls using ELISA. In order to investigate serum I-FABP among dengue
patients, they were categorized into 5 groups according to disease severity: dengue fever (DF),
dengue hemorrhagic fever (DHF) grade I through DHF grade IV. The dengue patients had higher
levels of serum I-FABP compared to 25 controls (408.0±499.3 vs 124.72±147.81 pg/ml, p=0.006).
The patients with DHF grade IV had the highest levels of serum I-FABP, ALT, and AST compared to
the other groups. However, there were no differences in serum I-FABP, ALT, and AST levels among
patients with DF, DHF grade I, grade II, and grade III. Evidence of intestinal mucosal injury in patients
with dengue infection was demonstrated. Patients with DHF grade IV had high serum I-FABP levels
and had associated liver injury.

it is probable that intestinal ischemia or injury
plays a pathophysiological role in dengue infec-
tion.

Intestinal fatty acid binding protein (I-FABP)
is a 15 kDa protein that is uniquely located at
the tips of intestinal mucosal villi. It constitutes
approximately 2% to 3% of the protein of the
enterocyte and is normally undetectable in the
circulation (Kanda et al, 1996). Several studies
have shown that serum I-FABP is a useful diag-
nostic marker for intestinal damage both in vivo
and in vitro (Lieberman et al, 1997; Pelsers et
al, 2003; Niewold et al, 2004). The objectives of
this study were to investigate whether there is
an evidence of intestinal mucosal injury in den-
gue patients by determining a diagnostic serum
marker, namely I-FABP, and to evaluate whether
there is an association between the severity of
dengue infection and serum I-FABP levels.

MATERIALS AND METHODS

The protocol of the study was approved by
the Ethics Committee of the Faculty of Medicine,
Chulalongkorn University. All patients were in-
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formed of the purpose of the study. Patients were
recruited from King Chulalongkorn Hospital and
three other provincial hospitals, Ayutthaya,
Sakon Nakhon, and Uttaradit Hospitals, between
January 2003 and January 2004. The diagnosis
of dengue infection in each patient was sero-
logically confirmed by anti-dengue IgM or IgG
ELISA (NovaTec Immundiagnostica GmbH“,
Technologie and Waldpark, Dietzenbach, Ger-
many). All of the patients were diagnosed and
treated by responsible medical experts in infec-
tious diseases.

The patients’ sera were collected on the day
of admission during the febrile stage of the dis-
ease. The control group was comprised of 25
healthy adults from the blood bank. Peripheral
venous whole blood was drawn with a sterile
syringe, transferred to a centrifuge tube, allowed
to clot and then centrifuged at 4oC. The serum
was stored at -70oC until assayed. All demo-
graphic and clinical data were extracted from the
patients’ files. The patients were categorized into
5 groups according to their disease severity
(Pancharoen et al, 2002) (WHO classification):
dengue fever or DF (fever without capillary leak-
age), dengue hemorrhagic fever or DHF grade I
(a positive tourniquet test), DHF grade II (spon-
taneous bleeding), DHF grade III (circulatory fail-
ure with narrowing of the pulse pressure and a
rapid and weak pulse), and DHF grade IV (pro-
found shock with no detectable blood pressure
or pulse). Serum I-FABP was determined using
a commercially available ELISA kit (HK406, HBT,
the Netherlands), based on the sandwich prin-
ciple. The serum I-FABP levels are expressed as
mean and SD in terms of pg/ml.

Table 1
 Demographic data, serum I-FABP, ALT, and AST levels in patients according to WHO

classification.

Control(N=25) DF(N=30) DHF I(N=27) DHF II(N=23) DHF III(N=26) DHF IV(N=14)

Age (years) - 10.43±2.94 10.68±2.32 11.19±2.44 9.32±3.79 9.05±4.35
Gender (M/F) 12/13 18/12 13/14 15/8 15/11 9/5
Serum I-FABP 124.72±147.81 286.79±220.39 385.44±319.35 327.06±273.21 304.96±297.45 1,035.54±1,086.76*
   (pg/ml)
ALT (IU/l) - 49.53±32.55 66.70±47.89 97.00±85.14 158.50±325.00 4,230.75±6,399.92*
AST (IU/l) - 93.73±65.55 136.15±84.89 225.91±171.62 437.15±993.91 3,520.92±6,268.49*

* p<0.05 compared to the other groups

The analyses include a description of clini-
cal data, a comparison of serum I-FABP levels
between the patients and normal controls. The
association between serum I-FABP and the
disease’s severity was analyzed using one-way
ANOVA with post-hoc Tukey comparisons. Sig-
nificant differences were established as p<0.05.
For all statistical analyses, either GraphPad Prism
version 3.02 (GraphPad Software, California,
USA) or SPSS software version 10.0 (SPSS,
Chicago, IL) was used.

RESULTS

The diagnosis of dengue infection in 120
patients (70 boys and 50 girls) was serologically
confirmed during the studied period. There was
no difference in gender between the patients and
the controls (12 males and 13 females). Patients
with dengue infection had higher levels of se-
rum I-FABP compared to normal controls
(408.0±499.3 pg/ml vs 124.72±147.81 pg/ml,
p=0.006 using unpaired t-test). The demo-
graphic and clinical data of the dengue patients
are shown in Table 1. The patients with DHF
grade IV had the highest levels of serum I-FABP,
ALT, and AST compared to the other groups (Fig
1). However, there were no differences in serum
I-FABP, ALT, or AST levels in patients with DF,
DHF grade I, grade II, or grade III.

DISCUSSION

Dengue infection is the most common mos-
quito-borne viral illness in humans. It is known
to be caused by a single-stranded RNA virus in
the family Flaviviridae. An estimated 2.5-3 bil-
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lion people live in areas at risk for dengue infec-
tion. Each year, 20-100 million people are in-
fected with DF, and DHF develops in 250,000-
500,000 of these individuals. Approximately
24,000 deaths around the world are annually
attributed to this disease (Malavige et al, 2004).
The dengue virus has 4 closely related but dis-
tinct serotypes, DEN1-DEN4. It maintains an in-
fection cycle that uses mosquitoes, mostly the
Aedes aegypti mosquito, as vectors to human
hosts and as sources of viral amplification
(Pancharoen et al, 2002). The clinical presenta-
tion of dengue infection involves a wide spec-
trum of findings, from asymptomatic or mild self-
limiting infection of dengue fever to potentially
fatal hemorrhage and shock.

The main clinical picture of DHF is charac-
terized by plasma leakage. This results from en-
dothelial gaps in the peripheral vascular bed
without necrotic or inflammatory changes in the
endothelium leading to reduction in intravascu-
lar volume and tissue hypoperfusion. However,
gastrointestinal manifestation in patients with
dengue infection is uncommon. An acute abdo-
men may occur and its symptoms are thought
to be caused by intraperitoneal bleeding or a
mesenteric hematomoma, but not by ischemic
pain from the gastrointestinal tract (Wang et al,
1990; Pancharoen et al, 2001; Khanna et al,
2004). Theoretically, intestinal ischemia can hap-
pen in dengue patients. Evidence for intestinal
mucosal injury or ischemia with dengue infec-
tion has not been characterized.

Our study clearly demonstrates that some
extent of intestinal injury occurs in patients with
dengue infection, as confirmed by elevated se-
rum I-FABP levels compared to normal controls.
Patients with DHF grade IV and acute liver injury
had the highest levels of I-FABP reflecting intes-
tinal injury. It has been shown that intestinal in-
jury or ischemia induces systemic inflammatory
response syndrome resulting in multi-system
organ dysfunction, including the lungs, liver, and
heart. It has been demonstrated that liver failure
is induced by intestinal ischemia-reperfusion
(Vejchapipat et al, 2001). Interactions between
leukocytes and endothelial cells have been
thought to be due to liver dysfunction during in-
testinal reperfusion (Horie et al, 1997). It is pos-
sible that acute liver injury in patients with DHF
grade IV was secondary to intestinal injury. The
significant increase in liver enzymes in DHF grade
IV might have been due to either liver ischemia
from circulatory collapse or dengue viral infec-
tion of the hepatocytes themselves. Liver injury
could have been caused by the cumulative ef-
fect of the three mechanisms mentioned above.
Reports of dengue patients developing acute
liver failure (Lawn et al, 2003) and encephalopa-
thy (Sirivichayakul et al, 2000) have also been
demonstrated. There has been a suggestion that
one should search for coinfection in cases with
unusual manifestations of dengue infection
(Pancharoen and Thisyakorn, 1998). If this is the
case, it is possible that superimposed infection
or multiple organ dysfunction in dengue patients
is triggered by intestinal mucosal injury via bac-
terial translocation or a systemic inflammatory
response.

Intestinal fatty acid binding proteins are 13-
14 kDa intracellular proteins with a high degree
of tissue specificity. I-FABP is exclusively local-
ized in the epithelium cells in the small intestine.
Many studies have shown that serum I-FABP is
a diagnostic marker for intestinal damage with
high accuracy ( Lieberman et al, 1997; Pelsers
et al, 2003; Niewold et al, 2004). The molecular
size of I-FABP is much smaller than albumin.
Therefore, the rise in serum I-FABP levels in den-
gue patients in this study is not due to hemo-
concentration caused by capillary leakage but
rather the release of I-FABP from injured

Fig 1–Serum I-FABP levels according to the severity of
dengue infection. *p<0.05 compared to the other
groups.
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enterocytes into the circulation. Although our
results strongly suggest that intestinal injury oc-
curs in patients with dengue infection, especially
in severe cases, the study did not address the
mechanisms of mucosal injury towards liver in-
jury, the severity of dengue infection, or super-
imposed infection via bacterial translocation.
Since inflammatory cytokines play critical roles
in intestinal ischemia and systemic inflammatory
response, further investigation of the interactions
between dengue infection and intestinal ischemia
may answer the exact role of mucosal injury and
lead to a better therapeutic strategy in the fu-
ture.

Evidence of intestinal mucosal injury in pa-
tients with dengue infection was demonstrated.
Patients with DHF grade IV had high serum I-
FABP levels and liver injury. Since mucosal in-
jury is associated with a systemic inflammatory
response, the progression of the disease, includ-
ing acute liver injury, may be partially caused by
mucosal injury. This increases our understand-
ing into the pathophysiology of dengue infec-
tion.
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