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Abstract. This retrospective study compared the liver function test results and out-
comes between children with acute liver failure (ALF) due to dengue hemorrhagic
fever (DHF) and due to other causes. We retrospectively reviewed patients less than
15 years old with a diagnosis of ALF admitted to 13 participating centers from differ-
ent parts of Thailand for the years 2000 and 2001, and those admitted to King
Chulalongkorn Memorial Hospital for the year 1997 to 2004. The diagnosis of ALF
was based on prothrombin time (PT) prolongation to greater than 2 times the normal
control value and the presence of encephalopathy without pre-existing liver disease.
The patients were divided into 2 groups: group I (n=16) had DHF with ALF and
group II (n=37) had ALF due to other causes. DHF patients had AST levels significantly
higher than ALT levels. The mortality rate in group I (50%) was lower than in group II
(72.9%), although the difference was not statistically significant. The non-DHF patients
who died had a significantly longer duration of jaundice before the onset of encephal-
opathy and a significantly higher PT ratio compared to survivors. There were no signifi-
cant differences in the duration of jaundice before the onset of encephalopathy and liver
function between dengue patients who died and those who survived.

INTRODUCTION

Dengue infection is prevalent in tropi-
cal countries. It has been estimated that at
least 2.5 billion people worldwide live in
areas where there is a significant risk of in-
fection from the dengue virus (WHO, 1999).
Estimates suggest that annually over 50 mil-
lion cases of dengue infection and about
400,000 cases of dengue hemorrhagic fever
(DHF) occur in Asian countries with a case

fatality rate of less than 5% (WHO, 1999;
Deen et al, 2006). Of those with DHF, at least
90% are children younger than 15 years old
(WHO, 1999).

Infection with dengue virus can cause
a spectrum of illnesses including asymptom-
atic, fever and relatively mild disease,
known as classic dengue fever (DF), a more
severe form known as DHF and less fre-
quently acute hepatitis with liver failure and
encephalopathy. Acute liver failure (ALF)
caused by dengue virus has been reported,
mostly in case reports and small case series
(Alvarez and Ramirez-Ronda et al, 1985;
George et al, 1988; Lum et al, 1993). The un-
usual clinical forms of this disease are fre-
quently associated with more serious states,
and they often result from multifactorial con-
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ditions, such as the use of hepatotoxic drugs,
as well as the direct effect of the dengue vi-
rus (Nimmannitya et al, 1987; George et al,
1988; Lum et al, 1993).

The management of ALF includes treat-
ing the specific cause and supporting mul-
tiple organ system failure. Frequently asso-
ciated disorders that necessitate prompt rec-
ognition and treatment include cerebral
edema, coagulation abnormalities, hypogly-
cemia, and infection. Use of novel treatment
alternatives, such as liver assist devices and
hepatocyte transplantation, are still in the
experimental stage. Although liver trans-
plantation is an established mode of treat-
ment in irreversible ALF, thus far there have
been no reports regarding this treatment in
ALF caused by dengue virus.

This study compared liver function test
results and clinical outcomes in children
with ALF due to dengue infection and ALF
due to other etiologies.

MATERIALS AND METHODS

We conducted a retrospective review of
patients less than 15 years old diagnosed
with ALF admitted to 13 participating cen-
ters from different parts of Thailand during
2000 and 2001 and those admitted to King
Chulalongkorn Memorial Hospital from
1997 to 2004. A number of these subjects
were included in a study of the etiology of
ALF (Poovorawan et al, 2006). This study
was approved by the ethics committee of the
Faculty of Medicine, Chulalongkorn Univer-
sity. Written informed consent was received
from the parents or custodians of each of the
subjects.

ALF was characterized as having clini-
cal or laboratory evidence of liver failure (pa-
tient prothrombin time/laboratory pro-
thrombin time for the day, so called pro-
thrombin time ratio; the cut-off level was 2)
complicated by encephalopathy in patients

without a previous history of liver disease,
with onset of encephalopathy ≤ 4 weeks af-
ter the onset of symptoms. Encephalopathy
was defined following the standard classi-
fication of severity adapted for children
(Devictor et al, 1992): grade 1, child is con-
fused and has mood changes; grade 2, child
is drowsy and displays inappropriate be-
havior; grade 3, child is stuporous but obeys
simple commands; grade 4a, child is coma-
tose but arousable by simple commands;
grade 4b child is in a deep coma and does
not respond to any stimuli. During the 6
month period prior to the study, none of the
subjects had: exposure to anesthetic drugs,
blood transfusion, intravenous drug use or
surgery.

The patients were divided into 2 groups:
group I (n=16) those with ALF due to DHF
(n=4 and n=12 for those with DHF grades
I/II and III/IV, respectively) and group II
(n=37), those with ALF due to other causes
(5 had ischemic hepatitis, 3 had Wilson’s dis-
ease, 2 had acetaminophen overdose, 2 had
lymphoma, 2 had acute hepatitis B infection,
1 had varicella infection, 1 had hemophago-
cytic syndrome, 1 had mushroom poisoning,
1 had Reye syndrome, and 19 had an un-
known etiology). Patients with an unknown
etiology for their ALF had negative serologic
results for hepatitis A, B, C, cytomegalovi-
rus, and Epstein-Barr virus. Blood from den-
gue patients was collected during the febrile
period. The diagnosis of dengue infection
was made by clinical examination and sero-
logical testing using the enzyme-linked
immunosorbent assay (ELISA) method.
Dengue patients were classified into differ-
ent groups based on clinical severity: DHF
grades I/ II (DHF without shock) and grades
III/ IV (DHF with shock) according to WHO
criteria (WHO, 1999). Liver function testing
evaluated peak total bilirubin (TB), aspar-
tate aminotransferase (AST), alanine ami-
notransferase (ALT), and prothrombin time
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(PT) ratio; these were compared between the
two groups. Data is expressed as mean±
standard error of mean. Differences between
the groups were analyzed by chi-square or
t-test. P-values less than 0.05 were consid-
ered statistically significant.

RESULTS

The children in group I (M:F=6:10)
tended to be older than those in group II
(M:F=16:21) (age 8.18±1.21 years and
5.94±0.74 years, p=0.11, respectively). The
presence of jaundice did not significantly dif-
fer between the two groups (8 of 16 in group
I and 26 of 37 in group II; p=0.16). Non-den-
gue patients had significantly higher TB lev-
els and PT ratios (Table 1). Dengue patients
had AST levels significantly higher than ALT
levels (7,524.19±1,328.95 and 3,049.69±586.37

U/l, respectively; p=0.01). There were no sig-
nificant differences in liver function among
dengue patients with varying severities
(Table 2).

The mortality rate was higher in non-
dengue patients (72.9%) than in dengue pa-
tients (50%), but the difference was not sta-
tistically significant (p=0.1). Liver transplan-
tation was performed on only one patient in
group II without success due to irreversible
brain damage. The mortality rate in patients
with DHF without shock was not signifi-
cantly different from those with shock (25%
vs 58.3%, p=0.57). The age differences be-
tween the dengue patients who died and
those who survived was not statistically sig-
nificant (8.74±1.05 years and 7.62±2.26 years;
p=0.66, respectively).

Non-dengue patients who died had sig-

Liver function tests p-value
Dengue (n=16) Non-dengue (n=37)

Total bilirubin (mg/dl) 8.95 ± 2.84 20.30 ± 3.05 0.01
Direct bilirubin (mg/dl) 5.79 ± 2.01 11.64 ± 1.95 0.08
ALT (U/l) 3,049.69 ± 586.37 4,082.62 ± 909.97 0.34
AST (U/l) 7,524.19 ± 1,328.95 5,711.78 ± 1,298.67 0.41
Prothrombin time ratio 4.51 ± 0.67 7.48 ± 0.96 0.01

Table 1
Comparison of liver function tests between patients with and without dengue infection.

ALT, alanine aminotransferase; AST, aspartate aminotransferase.
Data expressed as mean±standard error of mean.

Group

Liver function tests p-value
DHF I/II (n=4) DHF III/IV (n=12)

Total bilirubin (mg/dl) 17.30 ± 9.42 6.17 ± 1.95 0.33
Direct bilirubin (mg/dl) 11.55 ± 6.92 3.87 ± 1.29 0.35
ALT (U/l) 2,135.75 ± 657.85 3,354.33 ± 743.00 0.39
AST (U/l) 8,409.00 ± 2,777.35 7,229.25 ± 1,574.25 0.72
Prothrombin time ratio 5.23 ± 1.45 4.27 ± 0.78 0.56

Table 2
Comparison of liver function tests among patients with dengue infection.

Grading



SOUTHEAST ASIAN J TROP MED PUBLIC HEALTH

50 Vol  40  No. 1  January  2009

nificantly longer durations of jaundice be-
fore the onset of encephalopathy (5.72±1.14
vs 1.63±0.42 days, respectively, p=0.003) and
had significantly higher PT ratios (8.66±1.21
vs 4.28±0.67, respectively, p=0.003) when
compared with survivors. There were no sig-
nificant differences in duration of jaundice
before the onset of encephalopathy between
dengue patients who died and survived
(Table 3).

DISCUSSION

Acute liver failure is a grave complica-
tion of acute hepatic illness resulting from
various causes. Worldwide, the most fre-
quent causes of ALF are acute viral hepati-
tis and drug-induced hepatocellular injury.
In this study, hepatitis B virus (HBV) was
the cause of ALF in only 2 of 37 cases. The
lower prevalence of HBV infection is a re-
sult of the program for universal HBV vac-
cination (Chongsrisawat et al, 2006). Our
findings are in agreement with a study from
Taiwan where HBV is rarely the cause of
fulminant hepatitis in children above 1 year
old after the universal vaccination program
(Chen et al, 2004). None of the patients in
this study were seropositive for hepatitis A
virus (HAV). Improved hygiene standards
and socioeconomic conditions have led to a
reduction in exposure to HAV in childhood.

Severe dengue infections may give rise

to many complications, such as liver failure,
disseminated intravascular coagulation, en-
cephalopathy, myocarditis, acute renal fail-
ure, and hemolytic uremic syndrome (WHO,
1999). ALF following dengue infection has
been reported in many countries in both chil-
dren and adults (Alvarez and Ramirez-
Ronda et al, 1985; Kuo et al, 1992; Lum et al,
1993; Miagostovich et al, 1997; Nguyen et al,
1997; Couvelard et al, 1999; Sirivichayakul
et al, 2000; Lawn et al, 2003). Nonfatal Reye’s
syndrome confirmed by liver biopsy has also
been described as a complication of DHF
(Terry et al, 1980; Kho et al, 1981). Liver in-
volvement is common in all forms of den-
gue infection (Kho et al, 1981). Its severity
varies with the overall severity of the den-
gue infection. In agreement with previous
studies (Kuo et al, 1992), the dengue patients
in this study had higher AST levels
(7,524.19±1,328.95 U/l) than ALT levels
(3,049.69±586.37 U/l). This may be due to the
release of AST from myocyte damage in den-
gue infection. For most cases, hepatic in-
volvement prolongs the clinical course of
dengue infection, but does not constitute a
sign of worse prognosis (Kuo et al, 1992;
Nguyen et al, 1997; Mohan et al, 2000). Pre-
vious studies have found AST and ALT lev-
els are significantly higher, and globulins
significantly lower in patients with the more
severe grades of DHF (Mohan et al, 2000).
Our study found that liver function was not

Liver function tests p-value
Died (n=8) Survived (n=8)

Total bilirubin (mg/dl) 10.79±5.36 7.12±2.22 0.54
Direct bilirubin (mg/dl) 7.63±3.87 3.94±1.18 0.39
ALT (U/l) 2,962.25±574.55 3,137.13±1,068.31 0.89
AST (U/l) 7,495.75±1,767.76 7,552.63±2,108.05 0.98
Prothrombin time ratio 5.54±1.07 3.49±0.71 0.14

Table 3
Comparison of liver function tests and outcomes among patients with dengue infection.

Outcome
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significantly different between dengue pa-
tients with and without shock. This finding
supports that liver failure attributable to
dengue virus does not result from ischemia
with grade III/IV DHF [dengue shock syn-
drome (DSS)].  It has been suggested that in-
fection with dengue serotypes 3 and 4 pro-
duces higher liver enzyme levels compared
with infections due to the other two sero-
types (Kalayanarooj and Nimmannitya,
2000). We did not perform serotyping, there-
fore we cannot evaluate this finding. An-
other limitation of this study was the lack of
data regarding acetaminophen usage, which
may influence the course of ALF in addition
to the dengue virus infection.

Attention has been drawn to the in-
volvement of the liver in DHF by the detec-
tion of viral antigens in hepatocytes and
Kupffer cells and by virus recovery from
liver biopsies (Rosen et al, 1989; Hall et al,
1991; Guzman and Kouri et al, 2002). Cell
degeneration in centrilobular and midzonal
areas of the liver with Councilman bodies
resembling those found in yellow fever cases
has been described (Hall et al, 1991; Huerre
et al, 2001). Such bodies are believed to be
hepatocytes that have undergone apoptosis
in response to dengue infection (Lacronique
et al, 1996; Marianneau et al, 1998; Couvelard
et al, 1999). Infected hepatocytes appear to
be subjected to apoptosis in vitro, and this
may be a key element in the pathophysiol-
ogy of liver failure associated with DHF
(Despres et al, 1996; Marianneau et al, 1997).

Despite aggressive therapy, the progno-
sis for ALF due to dengue infection was as
poor as those attributable to other etiologies.
The case fatality rate for dengue patients
with ALF in this study was 50%, which is
much higher than the overall fatality rate of
less than 0.3% from dengue infection in Thai-
land (WHO, 1999). From our study, the mor-
tality rate for ALF following DHF does not
depend on the severity of dengue infection

since it is comparable between patients with-
out shock and DSS patients. Current prog-
nostic criteria to predict the outcome of ALF,
based on analysis of a case series of patients
of all ages referred to King’s College Hospi-
tal (O’Grady et al, 1989) are age, etiology,
duration of jaundice before encephalopathy,
serum bilirubin and prothrombin time. From
our study, none of those factors predicted the
outcome in liver failure due to dengue in-
fection. Despite the importance of the liver
as a target organ in the pathogenesis of DHF,
the nature of the interaction between den-
gue viruses and hepatocytes remains largely
unexplored.

In conclusion, liver failure is a rare but
important complication of DHF. DHF should
be included in the differential diagnosis of
infective hepatitis in individuals who have
been in an endemic area. One characteristic
of hepatic involvement with dengue infec-
tion is a greater elevation in AST than ALT
levels. This information is useful to distin-
guish between liver failure caused by den-
gue infection and that caused by other eti-
ologies, in which this phenomenon is infre-
quently observed. Duration of jaundice be-
fore the onset of hepatic encephalopathy and
PT ratio were prognostic indicators in ALF
from other causes but not with dengue in-
fection.
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