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Core tip: Dengue is an important cause of febrile illness
in the tropical countries. It may affect the liver but the
hepatic involvement is usually asymptomatic. However
it is recognized as an important cause of acute
hepatic failure in endemic counties. Dengue must be
considered as a differential in the evaluation of acute
hepatic failure and as an acute precipitant in patients
presenting with acute on chronic liver failure.
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Clin Cases 2015; 3(2): 125-131 Available from: URL: http://
www.wjgnet.com/2307-8960/full/v3/i2/125.htm DOI: http://
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INTRODUCTION
Dengue or “break bone fever” has gradually evolved
as one of the important causes of febrile illness in
the tropical and subtropical region. Second only to
malaria, dengue is a common mosquito-transmitted
disease, and currently, it is the most common cause
of arboviral disease globally. Around 2.5 billion
people in 100 endemic countries are believed to be
susceptible, so are the equally significant number of
[1,2]
travelers to these tropical and subtropical regions .
Presenting with a wide range of severity, “severe”
dengue (Group C) as categorized by World Health
Organization (WHO) in 2009 includes the dengue
hemorrhagic fever (DHF) and dengue shock syndrome
[3]
(DSS) . Despite the inadequate surveillance of
cases from the underdeveloped tropical countries,
the average number being reported per year has

Abstract
Dengue has emerged as an important arboviral
disease with significant impact on the disease burden
in population residing in tropical countries. Dengue is
spread by the bite of Aedes mosquito. The virus seems
to have some hepatotoxic effects. Affliction of liver
in form of derangements in the liver function tests is
common and may include mild elevations in serum
bilirubin, elevated transaminases and derangements
in serum albumin. Although asymptomatic in most
cases, clinical manifestations like jaundice, and acute
liver failure (ALF) may occasionally complicate the
clinical picture. Indeed, dengue has been implicated as
an important cause of ALF in endemic countries. The
present review focuses on the hepatic manifestations
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[1,4]

increased drastically . A host of factors including the
relentless urbanization with poor hygiene, dilapidated
health systems to increasing international travel fuel
the spread of this disease geographically and increase
[1,2]
the disease burden of tropics significantly .
This disease has been found to have profound
effect on multiple organ systems, the commonest
being the liver. Starting from asymptomatic elevated
transaminase levels to acute liver failure (ALF),
dengue has all the properties of a hepatic illness. In
this paper we review, the pathogenesis, pathology,
clinicobiochemical parameters and management of
the effects of dengue on liver.

bone” pattern of E glycoprotein. The uncoating and
release of the genome occurs once the nucleocapsid
[12]
is exocytosed into the cytoplasm .

CASE DEFINITION
Before going into the various hepatic manifestations
of dengue, the evolution of dengue case definition
will be briefly discussed. Dengue has been tradi
tionally classified into dengue fever (DF), DHF and
[13,14]
DSS (WHO 1997 Classification)
.
DF: Fever and at least two features: ocular pain,
headache, muscle or joint pains, cutaneous rash,
bleeding manifestations and reduced leukocyte count.
9
DHF: Fever, thrombocytopenia (≤ 100 × 10 /L),
bleeding manifestations and evidence of plasma
leakage.
DSS: DHF with tachycardia or low pulse pressure
(< 20 mmHg) or hypotension (systolic blood pressure
< 90 mmHg).
The modified categorization of WHO in 2009
includes dengue with or without warning signs or
[3]
severe dengue .
Dengue: Fever and two of these: nausea, vom
iting, skin rash, bodyache, leukopenia, or any warning
sign.
Warning signs include pain in the abdominal or
presence of tenderness, persistent vomiting, clinical
evidence of fluid accumulation like effusions and
ascites, bleeding, lassitude or restiveness, liver
enlargement, or rise in hematocrit (≥ 20%) with
rapid reduction in thrombocyte count (< 50000/
3
mm ).
Severe dengue: Evidence of severe plasma
leakage, bleeding and organ impairment. Organ
impairment includes hepatic involvement in form of
transaminases elevated beyond 1000 IU/L and central
nervous system manifestations like alteration in
sensorium or cardiac or other organ involvement.
In spite of the recent categorization, the majority
of the studies widely use the more popular DF, DHF
and DSS classification for case definition.

DENGUE VIRUS
Dengue virus (DENV) has 4 serotypes (DEN 1-4) and
is a member of the Flaviviridae family and the genus
[5]
Flavivirus . Though initially DEN1 and DEN2 were
found around Central America and Africa, and all 4
serotypes found in Southeast Asia, currently all the
serotypes have diffused in all tropical and subtropical
[1,6]
regions of the world
. The serotypes sharing
a mere 65% of the genotype among each other
produce a uniformly wide array of manifestations,
[2]
with most of them being asymptomatic .
DENVs are transmitted via the species Aedes
aegypti, and less commonly by Aedes albopictus.
The Aedes aegypti mosquito with its anthropophilic
nature is well adapted for urban thriving and
frequently bites several times before completing
[3,7]
oogenesis .
If during the 5 d period of human viremia, the
mosquito feeds, it gets infected and the DENV
migrates from insect mid-gut to the salivary glands.
After 8-12 d of life cycle of DENV inside the mosquito,
with optimum high temperatures, the mosquito
becomes infective, and can bite and transmit the
[1,3]
virus to another host . High concentrations of virus
are exhibited in mosquito cell cultures with persistent
[8]
infection .
DENV is an RNA virus with a single-stranded
positive-sense RNA acting as the genome. The virus
has an envelope and is icosahedral in shape. The
structural proteins encoded by the DENV are capsid,
precursor membrane, and envelope [E]. The virus
also encodes for seven non-structural (NS) proteins
one of which (NS1) has found use as a diagnostic
antigen in initial phases of the disease. The E
glycoprotein plays a crucial role in the biology of the
DENV, starting from receptor binding to immune
[1,9]
response .
Endocytosis of virus occurs after binding mediated
by various molecules including glycoproteins like
heparin sulfates as also dendritic cell-specific
intercellular adhesion molecule-3-grabbing nonintegrin, and a carbohydrate recognizing mannose
[10,11]
receptor
. Upon internalization, the acidic pH
induces change in the classically described “herring-
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DENV INFECTION AND LIVER
With DENV infection, high level of viremia is
associated with involvement of different organs (liver,
[15]
brain) in the severe form of the disease . The liver
is the commonest organ to be involved in dengue.
Hepatic manifestations are either a result of direct
viral toxicity or dysregulated immunologic injury in
response to the virus. The spectrum of involvement
includes asymptomatic elevation of hepatic
transaminases to occurrence of severe manifestation
in form of ALF.

PATHOGENESIS OF LIVER INJURY
Hepatic dysfunction is a crucial feature seen in DENV
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infection. Hepatocytes and Kupffer cells are prime
[16-18]
targets for DENV infection
, as confirmed in
[19]
biopsies and autopsies of fatal cases . For infecting
cells, the major rate limiting step is the viral
attachment to the receptors present on surface of
host cell. The E protein has a role in the attachment
[20]
of the virus , although the nature of the receptor
[18]
used is yet to be determined . Heparan Sulphate
plays a pivotal role for the intrusion of the DENVs
[21]
into liver (HepG2) cells . A cell to be infected by a
virus requires essentially viral entry and a conducive
environment for the invader to grow inside the host
cell and this property is influenced by viral serotype,
strain and cell type. For example, the G2 phase cells
are more prone to infectivity and enhance virus
[22]
replication . It has been postulated that the binding
of DENVs onto hepatocytes is facilitatory, one
binding promotes the binding of successive particles,
similar to binding of oxygen on hemoglobin. After
binding of the virus, internalization is by either direct
fusion or endocytosis. The entry pathway may either
be mediated through the presence of receptors or
[18]
even in their absence .
An eventual outcome of hepatocyte infection by
DENV is cellular apoptosis, a phenomenon demon
[23]
strated both in vivo and in vitro . After apoptosis,
[19]
what stays of the cells are the Councilman Bodies .
The various pathways involved in this apoptotic
process include viral cytopathy, hypoxic mitochondrial
[17]
dysfunction, the immune response
and accelerated
endoplasmic reticular stress. Expression of DENV[24]
[25]
induced TRAIL
and TNF-α and Fas signaling
have also been implicated in this process. Activation
of the mitochondrial cell death pathway stems from
the functional and morphological defects of these
[26]
mitochondria .
Enhancement of immune reaction due to
recurrent infections is believed to be responsible for
causation of severe dengue disease. DHF and DSS
occur as a consequence of several factors interacting,
involving the microbial and host features, with
antibody-dependent enhancement which explains
the phenomena of more severe disease on second
[27]
infection . Dengue infection induces a cytokine
storm and concentrations of cytokines like interleukin
(IL)-2, IL-6, tumor necrosis factor (TNF)-α, and
interferon (IFN)-γ reach peak levels in the initial 3 d.
IL-4, IL-5 and IL-10 contribute to later in the course of
[28]
disease . Currently, the exact mechanism by which
the host immunity damages liver is unknown, albeit a
role of T cells entering the liver causing cytopathology
cannot be ruled out. Thus, pathogenesis of hepatic
injury in dengue is believed to be primarily a T cell
mediated process involving interaction between
antibodies and the endothelium and a concomitant
cytokine storm often labeled as cytokine “Tsunami,”
and host factors like genetic polymorphisms.
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PATHOLOGY
A wide spectrum of hepatic histological changes
have been noted in dengue. This comprises fatty
change (micro vesicular), hepatocyte necrosis,
hyperplasia and destruction of Kupffer cells, Coun
cilman Bodies and mononuclear cell infiltrates at
[29,30]
the portal tract
. Hepatocyte injury including
necrotic changes commonly involves the midzonal
area followed by the centrilobular area. Probable
explanation for such a finding could be that the liver
cells in this area are more sensitive to the effects of
anoxia or immune response or may be a preferential
target zone of the DENVs. A recent autopsy series of
[31]
dengue patients from Myanmar
showed varying
degrees of damage in the liver, with majority of
subjects having sinusoidal congestion of moderate
to severe degree with predominant midzonal
and centrilobular area cell death. Diffuse fatty
change was noted within the hepatic lobules. The
investigators noted no evidence of any significant
[31]
fibrosis .

CLINICOBIOCHEMICAL PROFILE OF
HEPATIC INVOLVEMENT
Clinical features suggesting dengue related hepatic
involvement are the presence of liver enlargement
[32]
and elevated transaminases .
Among the clinical features of hepatic involvement,
patients have abdominal pain (18%-63%), nausea/
[33,34]
vomiting (49%-58%) and anorexia
. Symptoms
such as abdominal pain and anorexia have been
found to be significantly more common in DF than
[35]
DHF . Hepatomegaly is present in both DF and
[35]
DHF but more common in DF . The frequency of
hepatomegaly in the adult dengue patients ranges
[34-36]
from 4%-52%
. Clinical jaundice has been
[33,35,36]
detected in 1.7%-17% in various series
and
hyperbilirubinemia has been found to be as high as
[34]
48% .
The commonest abnormality detected has been
raised transaminase levels (Table 1). Raised AST
levels have been seen in 63%-97% of patients,
while raised ALT levels in 45%-96% of patients. In
a majority of the studies, elevation in AST is more
than ALT, more during the first week of infection,
with a tendency to decrease to normal levels within
[37]
three weeks . The AST released from damaged
myocytes could explain the higher levels of AST
than those of ALT in patients with dengue fever at
[38]
an earlier stage . The increased AST/ALT ratio is
useful for differential diagnosis from acute hepatitis
caused by the hepatitis A, B or C viruses where it is
rarely observed.
The average levels of AST ranged from 93.3 U/
[39]
[33]
[39]
L
to 174 U/L , while ALT from 86 U/L
to 88.5
[33]
U/L
in various studies. More than a 10-fold rise
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Table 1 Liver function abnormalities in dengue patients
Ref.

Patients

Kuo et al[37]
Souza et al[39]
Itha et al[41]
Wong et al[40]
Parkash et al[33]
Trung et al[36]
Lee et al[14]
Karoli et al[34]
Saha et al[35]

270
1585
45
127
699
644
690
138
1226

Raised AST
93.30%
63.40%
96%
90.60%
95%
97%
86%
92%

Raised ALT
82.20%
45%
96%
71.70%
86%
97%
46%

AST > ALT

Hyper-bilirubinemia

> 10 fold rise (AST, ALT)

+
+
Equal
+ in 75.6%
+
+
+

7.20%
30%
13.4%
1.7%
48%
16.9%

11.1%, 7.4%
3.4%, 1.8%
10.2%, 9.5%
15%
1%
-

AST: Aspartate transaminase; ALT: Alanine transaminase.

[34,40]

has been seen in 3.8% cases in a large study from
[39]
Brazil , whereas in other studies were between
[34,40]
1.8% and 11.1% of cases
. Severe hepatitis was
[33]
present in 15% in one study , while in another
[41]
study it was 1% . The level of increase in hepatic
transaminases can easily mimic acute viral hepatitis.
The median Aspartate transaminase (AST) and
Alanine transaminase (ALT) values have been found
to be higher for severer forms of dengue than for
[14,35,39,42]
uncomplicated dengue fever
. This hints at a
possible association between increased transaminase
levels with increasing disease severity. Interestingly
the values of liver enzymes were noted to be higher
in the febrile and the severer phases of dengue vis[14]
à-vis the convalescent phase .
AST has various sources including the heart,
striated muscle, erythrocytes, etc., apart from the
[14,43]
liver, whilst ALT primarily is hepatic in origin
.
Acute insult to these non-hepatic tissues by the
DENV can result in higher elevations of AST when
compared to ALT rise. Therefore, rise in AST might
not be a true reflection of hepatic involvement.
Moreover, patients with high levels of enzymes may
be labeled as severe disease without any effect on
the final outcome.
Liver damage has been found to be more
common among females in the large study from
[39]
Brazil
(74.6% of females compared to 52.2% of
males) with 4.2% of them having acute hepatitis.
However, no significant difference could be elicited
between males and females as far as the level of
transaminase elevation was concerned.
Hypoproteinemia or hypoalbuminemia have
been seen in 12.9% in one of the large studies from
[35]
Kolkata, India , while it ranges from 16.5%-76%
[34,40,41]
in various other studies
. The heterogeneity in
the population and severity of the disease may be
responsible for such a wide range observed in the
various studies.
Coagulation abnormalities have been found in
multiple studies. International normalized ratio (INR)
> 1.5 have been found in 11% of patients in one
[35]
study , while abnormal prothrombin time (PT),
partial thromboplastin time noted in 34%-42.5% of

WJCC|www.wjgnet.com

the cases in other studies
. Increasing bleeding
episodes have been found with increasing AST/ALT
[33,37]
levels
, but only a weak correlation could be
demonstrated between PT and transaminase levels
during the convalescent period, suggesting that liver
synthetic function in terms of coagulation factor
production was generally well compensated.
Dengue has a slightly different profile of hepatic
involvement among children (Table 2). They have
been found to have a higher percentage of liver
enlargement as compared to adults.
Various factors which predict liver damage are
DHF, secondary infection, thrombocytopenia, high
[39,40,44]
blood concentration, female sex and children
.

DENGUE AND LIVER FAILURE
The liver injury in dengue, as already mentioned,
ranges from asymptomatic hepatic transaminase
elevation to fatal ALF. Dengue related ALF has been
well described in the literature, although the majority
of reports are amongst children with few case
[32,49-55]
reports in adults
. Although viral hepatitis and
drugs are the predominant cause of ALF, infectious
diseases such as dengue are being more and more
recognized as an etiological agent.
[56]
In a study from Thailand, Poovorawan et al
found dengue to be a major cause of ALF among
children, with 12 out of 35 children (34%) aged 1-15
years of age, enrolled between February 2000 to
December 2001, having positive dengue serology.
In a further extension, the same group enrolled 14
children of ALF from June 2002 to December 2006,
in a recent study and found 2 of them to be due to
[57]
[46]
dengue . Jagadishkumar et al
have reported 5
(18.5%) confirmed dengue cases in a study cohort
of 27 children with ALF from Northern India. The
presentation can be varied, either classical presentation
of dengue with hepatitis and shock syndrome or there
[46]
may be less classical dengue characteristics
[58]
Deepak et al
in a study from Mumbai, India,
have found 5 cases of dengue associated ALF out of a
[59]
total of 56 cases (8.9%) of ALF, while Tan et al from
Malaysia showed 8 out of 155 adult ALF cases (5.2%)
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Table 2 Liver function abnormalities among children with dengue
Ref.
Pires Neto Rda et al[45]
Mohan et al[44]
Jagadishkumar et al[46]
Kulkarni et al[47]
Roy et al[48]

Patients (n )

Raised AST/ALT

32
61
110
948
120

96%
87%
90%
94%

Hepatomegaly
37.50%
74%
79%
36.70%
80.80%

Jaundice

Hypoalbuminemia

25%
4.50%
0.95%
60%

77%
66%
-

AST: Aspartate transaminase; ALT: Alanine transaminase.

[69]

to have dengue. Adult dengue patients developed ALF
at a median of 7.5 d (5 to 13 d) after the inception of
fever. Occasionally, ALF may in patients who seem to
[59]
be recovering from dengue . Dengue can mimic ALF
and needs to be considered in differential diagnosis
of acute liver failure and cerebral malaria in endemic
[60]
areas . Occasionally, dengue has been reported to
cause ALF in patients with underlying liver disease
[61]
including a HBV carrier .
After a period of 3-7 d incubation, the natural
course runs in form of fever lasting for 2-7 d, and
subsequently a critical phase may occur during
defervescence starting from 3-7 d of the illness when
[59]
plasma leakage dominates the clinical picture .
Those surviving this phase of plasma leakage would
[3,62]
eventually recover
. More severe disease is
[63]
associated with higher viral load .
ALF due to paracetamol (PCM) overdose may be
due to either a single large overdose or cumulative,
multiple overdoses. The latter has been increasingly
being recognized as an important cause of ALF due
to PCM overdose. Mild to moderate hepatitis is well
known in dengue. However there have been ample
evidences, obtained both in vitro and in vivo, that
the metabolism of PCM is reduced in patients with
[64,65]
hepatitis
. Moreover, WHO guidelines discourages
the use of other nonsteroidal antiinflammatory
[3]
drugs, such as ibuprofen or antipyretics, in DF .
Interestingly, dengue has also been implicated as
the cause of worsening of chronic liver disease, i.e.,
being the acute component of acute on chronic liver
[61,66,67]
failure (ACLF)
. Therefore in endemic areas
one should be aware of dengue as a possible cause
of ACLF.
Dengue pathogenesis as outlined earlier is not
fully understood and is multi factorial ranging from
direct viral injury, dysregulated immune response to
hypoxic/ischemic injury and even secondary to drugs
such as PCM used commonly for such symptoms.
Mortality data are comparable with other causes of
ALF, although adults have been reported to have a
slightly better prognosis as compared to children, in
[68]
whom it is 50%-66% .
In the management of patients with dengue with
ALF, besides supportive measures specific measures
have also been tried with success. There have been
reports of use of N-acetyl cysteine (NAC) in various
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case series; use of NAC by Senanayake et al
[70]
from Sri Lanka on seven children and Lim et al
from Singapore on a single child showed clinical
[71]
improvement. Kumarasena et al
used NAC on 8
adult patients, 5 of which having grade I-II hepatic
encephalopathy and recovered completely while the
remaining 3 with higher grades of encephalopathy
(grades Ⅲ and Ⅳ ) died. Use of molecular ad
sorbent recirculating system (MARS) has also
[51]
been
reported in dengue associated ALF. Liver
transplantation becomes a difficult proposition in lieu
of hemodynamic compromise, bleeding, and organ
impairment seen during dengue infection.

CONCLUSION
Dengue has a wide spectrum of manifestations. The
effects on liver are usually asymptomatic but can be
atypical and have varied severity. From asymptomatic
elevated transaminase levels to fulminant hepatic
failure, the variable manifestations are a big challenge
to the clinicians treating the condition. Hepatic
involvement is more common and more severe in
children as compared to adults. Management is
primarily supportive and the outcome is usually good.
Care must be taken regarding the diagnosis and use
of drugs which may worsen the liver damage.

REFERENCES
1

2
3

4

5

6

129

Guzman MG, Halstead SB, Artsob H, Buchy P, Farrar J, Gubler
DJ, Hunsperger E, Kroeger A, Margolis HS, Martínez E, Nathan
MB, Pelegrino JL, Simmons C, Yoksan S, Peeling RW. Dengue: a
continuing global threat. Nat Rev Microbiol 2010; 8: S7-16 [PMID:
21079655 DOI: 10.1038/nrmicro2460]
Guzmán MG, Kourí G. Dengue: an update. Lancet Infect Dis 2002;
2: 33-42 [PMID: 11892494 DOI: 10.1016/S1473-3099(01)00171-2]
WHO. Dengue: guidelines for diagnosis, treatment, prevention and
control, Geneva, 2009. Available from: URL: http: //www.who.int/
tdr/publications/documents/dengue-diagnosis.pdf
Thomas SJ, Strickman D, Vaughn DW. Dengue epidemiology: virus
epidemiology, ecology, and emergence. Adv Virus Res 2003; 61:
235-289 [PMID: 14714434 DOI: 10.1016/S0065-3527(03)61006-7]
Westaway EG, Brinton MA, Gaidamovich SYa MC, Igarashi A,
Kääriäinen L, Lvov DK, Porterfield JS, Russell PK, Trent DW.
Flaviviridae. Intervirology 1985; 24: 183-192 [PMID: 3000978
DOI: 10.1159/000149642]
Wang E, Ni H, Xu R, Barrett AD, Watowich SJ, Gubler DJ, Weaver
SC. Evolutionary relationships of endemic/epidemic and sylvatic
dengue viruses. J Virol 2000; 74: 3227-3234 [PMID: 10708439

February 16, 2015|Volume 3|Issue 2|

Samanta J et al . Dengue and its effects on liver

7
8
9

10

11

12
13

14

15
16

17
18

19

20
21

22
23

24

DOI: 10.1128/JVI.74.7.3227-3234.2000]
Bäck AT, Lundkvist A. Dengue viruses - an overview. Infect
Ecol Epidemiol 2013; 3: [PMID: 24003364 DOI: 10.3402/iee.
v3i0.19839]
Ooi E-E GD. Dengue virus-mosquito interactions. In: Hanley KA,
Weaver SC, editors. Frontiers in dengue virus research. Norfolk,
UK: Caister Academic Press, 2010: 143-156
Pang X, Zhang M, Dayton AI. Development of dengue virus
replicons expressing HIV-1 gp120 and other heterologous genes:
a potential future tool for dual vaccination against dengue virus
and HIV. BMC Microbiol 2001; 1: 28 [PMID: 11747468 DOI:
10.1186/1471-2180-1-28]
Miller JL, de Wet BJ, Martinez-Pomares L, Radcliffe CM, Dwek
RA, Rudd PM, Gordon S. The mannose receptor mediates dengue
virus infection of macrophages. PLoS Pathog 2008; 4: e17 [PMID:
18266465 DOI: 10.1371/journal.ppat.0040017]
Chen Y, Maguire T, Hileman RE, Fromm JR, Esko JD, Linhardt
RJ, Marks RM. Dengue virus infectivity depends on envelope
protein binding to target cell heparan sulfate. Nat Med 1997; 3:
866-871 [PMID: 9256277 DOI: 10.1038/nm0897-866]
Heinz FX, Allison SL. Flavivirus structure and membrane fusion.
Adv Virus Res 2003; 59: 63-97 [PMID: 14696327 DOI: 10.1016/
S0065-3527(03)59003-0]
WHO. Dengue Hemorrhagic Fever: Diagnosis, Treatment,
Prevention and Control, Geneva, 1997. Available from: URL: http:
//www.who.int/csr/resources/publications/dengue/Denguepublication/
en/
Lee LK, Gan VC, Lee VJ, Tan AS, Leo YS, Lye DC. Clinical
relevance and discriminatory value of elevated liver aminotransferase
levels for dengue severity. PLoS Negl Trop Dis 2012; 6: e1676 [PMID:
22679523 DOI: 10.1371/journal.pntd.0001676]
Martina BE, Koraka P, Osterhaus AD. Dengue virus pathogenesis:
an integrated view. Clin Microbiol Rev 2009; 22: 564-581 [PMID:
19822889 DOI: 10.1128/CMR.00035-09]
Marianneau P, Steffan AM, Royer C, Drouet MT, Jaeck D, Kirn A,
Deubel V. Infection of primary cultures of human Kupffer cells by
Dengue virus: no viral progeny synthesis, but cytokine production
is evident. J Virol 1999; 73: 5201-5206 [PMID: 10233989]
Thongtan T, Panyim S, Smith DR. Apoptosis in dengue virus
infected liver cell lines HepG2 and Hep3B. J Med Virol 2004; 72:
436-444 [PMID: 14748067 DOI: 10.1002/jmv.20004]
Seneviratne SL, Malavige GN, de Silva HJ. Pathogenesis of liver
involvement during dengue viral infections. Trans R Soc Trop
Med Hyg 2006; 100: 608-614 [PMID: 16483623 DOI: 10.1016/
j.trstmh.2005.10.007]
Huerre MR, Lan NT, Marianneau P, Hue NB, Khun H, Hung NT,
Khen NT, Drouet MT, Huong VT, Ha DQ, Buisson Y, Deubel V.
Liver histopathology and biological correlates in five cases of fatal
dengue fever in Vietnamese children. Virchows Arch 2001; 438:
107-115 [PMID: 11253111]
Chen Y, Maguire T, Marks RM. Demonstration of binding of
dengue virus envelope protein to target cells. J Virol 1996; 70:
8765-8772 [PMID: 8971005]
Thepparit C, Smith DR. Serotype-specific entry of dengue virus
into liver cells: identification of the 37-kilodalton/67-kilodalton
high-affinity laminin receptor as a dengue virus serotype 1 receptor.
J Virol 2004; 78: 12647-12656 [PMID: 15507651 DOI: 10.1128/
JVI.78.22.12647-12656.2004]
Phoolcharoen W, Smith DR. Internalization of the dengue virus
is cell cycle modulated in HepG2, but not Vero cells. J Med Virol
2004; 74: 434-441 [PMID: 15368519 DOI: 10.1002/jmv.20195]
Couvelard A, Marianneau P, Bedel C, Drouet MT, Vachon F,
Hénin D, Deubel V. Report of a fatal case of dengue infection with
hepatitis: demonstration of dengue antigens in hepatocytes and liver
apoptosis. Hum Pathol 1999; 30: 1106-1110 [PMID: 10492047
DOI: 10.1016/S0046-8177(99)90230-7]
Matsuda T, Almasan A, Tomita M, Tamaki K, Saito M, Tadano
M, Yagita H, Ohta T, Mori N. Dengue virus-induced apoptosis in
hepatic cells is partly mediated by Apo2 ligand/tumour necrosis
factor-related apoptosis-inducing ligand. J Gen Virol 2005; 86:

WJCC|www.wjgnet.com

25

26

27
28

29
30
31

32
33

34

35

36

37
38
39

40
41
42

130

1055-1065 [PMID: 15784899 DOI: 10.1099/vir.0.80531-0]
Nagila A, Netsawang J, Suttitheptumrong A, Morchang A, Khunchai
S, Srisawat C, Puttikhunt C, Noisakran S, Yenchitsomanus PT,
Limjindaporn T. Inhibition of p38MAPK and CD137 signaling
reduce dengue virus-induced TNF-α secretion and apoptosis. Virol J
2013; 10: 105 [PMID: 23557259 DOI: 10.1186/1743-422X-10-105]
El-Bacha T, Midlej V, Pereira da Silva AP, Silva da Costa
L, Benchimol M, Galina A, Da Poian AT. Mitochondrial and
bioenergetic dysfunction in human hepatic cells infected with dengue
2 virus. Biochim Biophys Acta 2007; 1772: 1158-1166 [PMID:
17964123 DOI: 10.1016/j.bbadis.2007.08.003]
Halstead SB, O’Rourke EJ. Antibody-enhanced dengue virus
infection in primate leukocytes. Nature 1977; 265: 739-741 [PMID:
404559 DOI: 10.1038/265739a0]
Chaturvedi UC, Elbishbishi EA, Agarwal R, Raghupathy R,
Nagar R, Tandon R, Pacsa AS, Younis OI, Azizieh F. Sequential
production of cytokines by dengue virus-infected human peripheral
blood leukocyte cultures. J Med Virol 1999; 59: 335-340 [PMID:
10502266 DOI: 10.1002/(SICI)1096-9071(199911)59: 3<335: :
AID-JMV13>3.0.CO; 2-E]
Bhamarapravati N. Hemostatic defects in dengue hemorrhagic
fever. Rev Infect Dis 1989; 11 Suppl 4: S826-S829 [PMID: 2665014
DOI: 10.1093/clinids/11.Supplement_4.S826]
Burke T. Dengue haemorrhagic fever: a pathological study. Trans
R Soc Trop Med Hyg 1968; 62: 682-692 [PMID: 5707920 DOI:
10.1016/0035-9203(68)90120-X]
Aye KS, Charngkaew K, Win N, Wai KZ, Moe K, Punyadee N,
Thiemmeca S, Suttitheptumrong A, Sukpanichnant S, Prida M,
Halstead SB. Pathologic highlights of dengue hemorrhagic fever in
13 autopsy cases from Myanmar. Hum Pathol 2014; 45: 1221-1233
[PMID: 24767772 DOI: 10.1016/j.humpath.2014.01.022]
Giri S, Agarwal MP, Sharma V, Singh A. Acute hepatic failure due
to dengue: A case report. Cases J 2008; 1: 204 [PMID: 18831758
DOI: 10.1186/1757-1626-1-204]
Parkash O, Almas A, Jafri SM, Hamid S, Akhtar J, Alishah
H. Severity of acute hepatitis and its outcome in patients with
dengue fever in a tertiary care hospital Karachi, Pakistan (South
Asia). BMC Gastroenterol 2010; 10: 43 [PMID: 20459677 DOI:
10.1186/1471-230X-10-43]
Karoli R, Fatima J, Siddiqi Z, Kazmi KI, Sultania AR. Clinical
profile of dengue infection at a teaching hospital in North India.
J Infect Dev Ctries 2012; 6: 551-554 [PMID: 22842941 DOI:
10.3855/jidc.2010]
Saha AK, Maitra S, Hazra SCh. Spectrum of hepatic dysfunction
in 2012 dengue epidemic in Kolkata, West Bengal. Indian J
Gastroenterol 2013; 32: 400-403 [PMID: 24037764 DOI: 10.1007/
s12664-013-0382-6]
Trung DT, Thao le TT, Hien TT, Hung NT, Vinh NN, Hien PT,
Chinh NT, Simmons C, Wills B. Liver involvement associated with
dengue infection in adults in Vietnam. Am J Trop Med Hyg 2010;
83: 774-780 [PMID: 20889864 DOI: 10.4269/ajtmh.2010.10-0090]
Kuo CH, Tai DI, Chang-Chien CS, Lan CK, Chiou SS, Liaw YF.
Liver biochemical tests and dengue fever. Am J Trop Med Hyg
1992; 47: 265-270 [PMID: 1355950]
Nath P, Agrawal DK, Mehrotra RM. Ultrastructural changes in
skeletal muscles in dengue virus-infected mice. J Pathol 1982; 136:
301-305 [PMID: 7077434 DOI: 10.1002/path.1711360405]
Souza LJ, Alves JG, Nogueira RM, Gicovate Neto C, Bastos
DA, Siqueira EW, Souto Filho JT, Cezário Tde A, Soares CE,
Carneiro Rda C. Aminotransferase changes and acute hepatitis
in patients with dengue fever: analysis of 1,585 cases. Braz J
Infect Dis 2004; 8: 156-163 [PMID: 15361994 DOI: 10.1590/
S1413-86702004000200006]
Wong M, Shen E. The utility of liver function tests in dengue. Ann
Acad Med Singapore 2008; 37: 82-83 [PMID: 18265906]
Itha S, Kashyap R, Krishnani N, Saraswat VA, Choudhuri G,
Aggarwal R. Profile of liver involvement in dengue virus infection.
Natl Med J India 2005; 18: 127-130 [PMID: 16130612]
Wahid SF, Sanusi S, Zawawi MM, Ali RA. A comparison of the
pattern of liver involvement in dengue hemorrhagic fever with

February 16, 2015|Volume 3|Issue 2|

Samanta J et al . Dengue and its effects on liver

43
44
45

46
47

48

49

50
51

52
53
54

55

56

57

classic dengue fever. Southeast Asian J Trop Med Public Health
2000; 31: 259-263 [PMID: 11127322]
Green RM, Flamm S. AGA technical review on the evaluation
of liver chemistry tests. Gastroenterology 2002; 123: 1367-1384
[PMID: 12360498 DOI: 10.1053/gast.2002.36061]
Mohan B, Patwari AK, Anand VK. Hepatic dysfunction in
childhood dengue infection. J Trop Pediatr 2000; 46: 40-43 [PMID:
10730040 DOI: 10.1093/tropej/46.1.40]
Pires Neto Rda J, de Sá SL, Pinho SC, Pucci FH, Teófilo CR,
Evangelista PD, Thé CS, Bezerra DE, Lima JC, Ponte HJ, Daher
Ede F, Coelho IC. Dengue infection in children and adolescents:
clinical profile in a reference hospital in northeast Brazil. Rev Soc
Bras Med Trop 2013; 46: 765-768 [PMID: 24474020 DOI: 10.1590
/0037-8682-1716-2013]
Jagadishkumar K, Jain P, Manjunath VG, Umesh L. Hepatic
involvement in dengue Fever in children. Iran J Pediatr 2012; 22:
231-236 [PMID: 23056891]
Kulkarni MJ, Sarathi V, Bhalla V, Shivpuri D, Acharya U. Clinicoepidemiological profile of children hospitalized with dengue. Indian
J Pediatr 2010; 77: 1103-1107 [PMID: 20890686 DOI: 10.1007/
s12098-010-0202-2]
Roy A, Sarkar D, Chakraborty S, Chaudhuri J, Ghosh P,
Chakraborty S. Profile of hepatic involvement by dengue virus in
dengue infected children. N Am J Med Sci 2013; 5: 480-485 [PMID:
24083224 DOI: 10.4103/1947-2714.117313]
Gasperino J, Yunen J, Guh A, Tanaka KE, Kvetan V, Doyle H.
Fulminant liver failure secondary to haemorrhagic dengue in an
international traveller. Liver Int 2007; 27: 1148-1151 [PMID:
17845545 DOI: 10.1111/j.1478-3231.2007.01543.x]
Ling LM, Wilder-Smith A, Leo YS. Fulminant hepatitis in dengue
haemorrhagic fever. J Clin Virol 2007; 38: 265-268 [PMID:
17306619 DOI: 10.1016/j.jcv.2006.12.011]
Penafiel A, Devanand A, Tan HK, Eng P. Use of molecular
adsorbent recirculating system in acute liver failure attributable to
dengue hemorrhagic fever. J Intensive Care Med 2006; 21: 369-371
[PMID: 17095501 DOI: 10.1177/0885066606293384]
Viswanathan S, Iqbal N, Anemon PP, Kumar GS. Fatal fulminant
hepatic failure in a diabetic with primary dengue. J Trop Med 2010;
2010: 413561 [PMID: 21234316 DOI: 10.1155/2010/413561]
Subramanian V, Shenoy S, Joseph AJ. Dengue hemorrhagic fever
and fulminant hepatic failure. Dig Dis Sci 2005; 50: 1146-1147
[PMID: 15986872 DOI: 10.1007/s10620-005-2722-6]
Souza LJ, Coelho JM, Silva EJ, Abukater M, Almeida FC, Fonte
AS, Souza LA. Acute hepatitis due to dengue virus in a chronic
hepatitis patient. Braz J Infect Dis 2008; 12: 456-459 [PMID:
19219290 DOI: 10.1590/S1413-86702008000500021]
Lawn SD, Tilley R, Lloyd G, Finlayson C, Tolley H, Newman P,
Rice P, Harrison TS. Dengue hemorrhagic fever with fulminant
hepatic failure in an immigrant returning to Bangladesh. Clin Infect
Dis 2003; 37: e1-e4 [PMID: 12830429 DOI: 10.1086/375601]
Poovorawan Y, Hutagalung Y, Chongsrisawat V, Boudville I,
Bock HL. Dengue virus infection: a major cause of acute hepatic
failure in Thai children. Ann Trop Paediatr 2006; 26: 17-23 [PMID:
16494700 DOI: 10.1179/146532806X90565]
Poovorawan Y, Chongsrisawat V, Shafi F, Boudville I, Liu Y,
Hutagalung Y, Bock HL. Acute hepatic failure among hospitalized

58
59

60

61

62
63

64

65

66

67

68
69

70
71

Thai children. Southeast Asian J Trop Med Public Health 2013; 44:
50-53 [PMID: 23682437]
Deepak N A, Patel ND. Differential diagnosis of acute liver failure
in India. Ann Hepatol 2006; 5: 150-156 [PMID: 17060870]
Tan SS, Bujang MA. The clinical features and outcomes of acute
liver failure associated with dengue infection in adults: a case
series. Braz J Infect Dis 2013; 17: 164-169 [PMID: 23453417 DOI:
10.1016/j.bjid.2012.09.007]
Giri S, Sharma V, Agarwal M P, Sharma A. Low mortality during
2008 outbreak of dengue in Delhi, India: a clinicobiochemical
study. Revista de Ciências Médicas e Biológicas 2010; 9: 10-12
[DOI: 10.13140/2.1.2343.7440]
Agarwal MP, Giri S, Sharma V, Roy U, Gharsangi K. Dengue
causing fulminant hepatitis in a hepatitis B virus carrier. Biosci
Trends 2011; 5: 44-45 [PMID: 21422600 DOI: 10.5582/bst.2011.
v5.1.44]
Simmons CP, Farrar JJ, Nguyen vV, Wills B. Dengue. N Engl
J Med 2012; 366: 1423-1432 [PMID: 22494122 DOI: 10.1056/
NEJMra1110265]
Thomas L, Verlaeten O, Cabié A, Kaidomar S, Moravie V, Martial J,
Najioullah F, Plumelle Y, Fonteau C, Dussart P, Césaire R. Influence
of the dengue serotype, previous dengue infection, and plasma viral
load on clinical presentation and outcome during a dengue-2 and
dengue-4 co-epidemic. Am J Trop Med Hyg 2008; 78: 990-998
[PMID: 18541782]
Jorup-Rönström C, Beermann B, Wåhlin-Boll E, Melander A,
Britton S. Reduction of paracetamol and aspirin metabolism during
viral hepatitis. Clin Pharmacokinet 1986; 11: 250-256 [PMID:
3731665 DOI: 10.2165/00003088-198611030-00006]
Maddox JF, Amuzie CJ, Li M, Newport SW, Sparkenbaugh E,
Cuff CF, Pestka JJ, Cantor GH, Roth RA, Ganey PE. Bacterial- and
viral-induced inflammation increases sensitivity to acetaminophen
hepatotoxicity. J Toxicol Environ Health A 2010; 73: 58-73 [PMID:
19953420 DOI: 10.1080/15287390903249057]
Jha AK, Nijhawan S, Rai RR, Nepalia S, Jain P, Suchismita A.
Etiology, clinical profile, and inhospital mortality of acute-on-chronic
liver failure: a prospective study. Indian J Gastroenterol 2013; 32:
108-114 [PMID: 23526372 DOI: 10.1007/s12664-012-0295-9]
Tang Y, Kou Z, Tang X, Zhang F, Yao X, Liu S, Jin X. Unique
impacts of HBV co-infection on clinical and laboratory findings in
a recent dengue outbreak in China. Am J Trop Med Hyg 2008; 79:
154-158 [PMID: 18689615]
Shah I. Dengue and liver disease. Scand J Infect Dis 2008; 40:
993-994 [PMID: 18609199 DOI: 10.1080/00365540802209027]
Senanayake MP, Jayamanne MD, Kankananarachchi I. N-acetyl
cysteine in children with acute liver failure complicating dengue viral
infection. Ceylon Med J 2013; 58: 80-82 [PMID: 23817939 DOI:
10.4038/cmj.v58i2.5684]
Lim G, Lee JH. N-acetylcysteine in children with dengueassociated liver failure: a case report. J Trop Pediatr 2012; 58:
409-413 [PMID: 22199018 DOI: 10.1093/tropej/fmr108]
Kumarasena RS, Mananjala Senanayake S, Sivaraman K, de
Silva AP, Dassanayake AS, Premaratna R, Wijesiriwardena B, de
Silva HJ. Intravenous N-acetylcysteine in dengue-associated acute
liver failure. Hepatol Int 2010; 4: 533-534 [PMID: 20827413 DOI:
10.1007/s12072-010-9176-4]
P- Reviewer: McBride J, Pawitan J, Sener A S- Editor: Ji FF
L- Editor: A E- Editor: Lu YJ

WJCC|www.wjgnet.com

131

February 16, 2015|Volume 3|Issue 2|

Published by Baishideng Publishing Group Inc
8226 Regency Drive, Pleasanton, CA 94588, USA
Telephone: +1-925-223-8242
Fax: +1-925-223-8243
E-mail: bpgoffice@wjgnet.com
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
http://www.wjgnet.com

© 2015 Baishideng Publishing Group Inc. All rights reserved.

