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Abstract 

Dengue or breakbone fever is one of the most important causes of febrile illness in children residing in tropical 
and subtropical regions. This mosquito-borne viral disease is mediated by the bite of the infected Aedes mosquito. 
Dengue infection has been expanding rapidly throughout the globe in the past few decades. The virus has hepa-
totoxic effects. However, the pathophysiology of liver involvement in dengue is still not entirely clear. The reported 
clinical spectrum of dengue hepatitis ranges from mild asymptomatic elevation in transaminaselevels to acute liver 
failure in children. This review focuses on hepatic manifestation, the pathogenesis of liver injury, and treatment option 
of the effects of dengue on the liver in the pediatric population.
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Introduction
Dengue is nowadays become one of the most critical 
public health problems. It is the most rapidly spreading 
mosquito-borne disease in the world. Globally, there are 
100 million dengue cases identified every year. Around 
two billion population are at risk in tropical and subtropi-
cal countries [1]. Furthermore, 60% of the world’s popula-
tion is predicted to be at risk of getting dengue by 2080 
[2]. Dengue virus infection may remain asymptomatic or 
result in a wide range of clinical manifestations. Sympto-
matic dengue infection is a systemic and robust disease 
that includes severe and non-severe clinical manifesta-
tions [3].

After the incubation period, the illness begins very 
quickly. The disease manifested by three phases — febrile, 
critical, and recovery in moderate to severe cases. The 
severity of the disease usually only be apparent around 
defervescence, i.e., during the transition of the febrile to 

the afebrile phase due to its dynamic nature. This stage 
often coincides with the onset of the critical phase.

Unusual clinical pictures of dengue fever have become 
more evident in recent years. Hepatic dysfunction is a 
well-known feature of dengue infection, despite the liver 
not being a primary target organ. Liver involvement may 
be characterized by acute hepatitis, right hypochondriac 
pain, hepatomegaly, jaundice, and raised aminotrans-
ferase levels [4, 5]. In addition, liver dysfunction result-
ing from dengue infection can be a direct viral effect on 
liver cells or an adverse consequence of dysregulated host 
immune response against the virus [6].

Dengue virus
Dengue is caused by dengue viruses (DEN-V) of the Fla-
viviridae family and the genus Flavivirus. There are four 
distinct serotypes of the virus that cause dengue (DENV-
1, DENV-2, DENV-3, and DENV-4) [6].

Dengue virus infection
The illness begins abruptly after the incubation period. In 
moderate to severe disease, this disease is followed by three 
phases: febrile, critical, and recovery. High level of viremia 
involves different organs specially the liver and brain, and 
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the liver is the commonest organ to be involved in severe 
dengue.

Mosquito‑to‑human transmission
Primarily, the Aedes aegypti mosquito is responsible for 
transmitting the virus from mosquito to human. The virus 
spread to humans through bites of infected female mosqui-
toes. After feeding on a DENV-infected person, the virus 
replicates in the mosquito midgut before disseminating to 
secondary tissues, including the salivary glands. The extrin-
sic incubation period (EIP) is when it takes from ingesting 
the virus to actual transmission to a new host. For example, 
if the ambient temperature remains 25–28 °C, the EIP takes 
about 8–12 days [7–9]. Variations in the extrinsic incuba-
tion period are also influenced by the magnitude of daily 
temperature fluctuations [10, 11], virus genotype [12], and 
initial viral concentration [13]. Once infectious, the mos-
quito can transmit the virus for lifelong.

Human‑to‑mosquito transmission
Mosquitoes can become infected from people with viremia 
with DENV who has asymptomatic dengue infection or 
pre-symptomatic and even asymptomatic [14]. Human-to-
mosquito transmission can occur up to 2 days before some-
one shows symptoms of the illness [8, 14], up to 2 days after 
the fever has resolved [15]. Therefore, the risk of mosquito 
infection is strongly associated with high viremia and high 
fever in the patient. Most people are viremic for about 4–5 
days, but viremia can persist for 12 days [16].

Case definition
According to the World Health Organization (WHO) 1997 
classification, dengue has been traditionally classified into 
dengue fever (DF), dengue hemorrhagic fever (DHF), and 
dengue shock syndrome (DSS) [17, 18].

DF Fever with at least two features: ocular pain, headache, muscle 
or joint pains, cutaneous rash, bleeding manifestations, 
and reduced leukocyte count

DHF Fever, thrombocytopenia (≤ 100 × 109/L), bleeding manifesta-
tions, 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 severe dengue [19].

Dengue Fever and two of these as follows: nausea, vomiting, 
skin rash, body ache, leukopenia, or any warning sign
Warning signs include abdominal pain or the pres-
ence of tenderness, persistent vomiting, clinical evi-
dence of fluid accumulation like effusions and ascites, 
bleeding, lassitude or restiveness, liver enlargement, 
or rise in hematocrit (≥ 20%) with a rapid reduction 
in thrombocyte count (< 50,000/mm3)

Severe dengue Evidence of severe plasma leakage, bleeding, 
and organ impairment. Organ impairment includes 
hepatic involvement in the form of transaminases 
elevated beyond 1000 IU/L and central nervous 
system manifestations like alteration in sensorium 
or cardiac or other organ involvement

Pathophysiology
The liver is the most widely affected organ in fatal den-
gue cases. Hepatitis is the most common feature [20]. 
The pathophysiology of liver impairment in dengue 
virus infection is still not clear. Liver damage in dengue 
is postulated to occur either due to direct viral toxicity 
or dysregulated immunologic injury in response to the 
virus [21]. Hepatocytes and Kupffer cells are primary 
targets for DENV infection, demonstrated by biopsies 
and autopsies of fatal cases [22]. Dengue viral antigens 
were found in hepatocytes and Kupffer cells by immune 
histochemistry assays and in situ hybridization and den-
gue viral nucleic acid in hepatocytes by PCR [23]. Viral 
entry into hepatocytes and Kupffer cells was mediated by 
phagocytosis and receptor-mediated endocytosis. The E 
protein has a role in the attachment of the virus [24]. The 
cell infected by a virus requires essentially viral entry and 
a conducive environment for the invader to grow inside 
the host cell. This property is influenced by viral strain, 
serotype, and cell type.

After dengue virus entry, two phases occur in Kupffer 
cells. First, in  vitro studies demonstrated that infected 
Kupffer cells underwent apoptosis via nitric oxide and 
interferon (INF) alpha production and, a few hours later, 
via interleukin (IL) 6 and tumor necrosis factor (TNF) 
alpha-mediated pathways. Identification of the negative 
strand viral RNA in hepatocytes suggested that viral rep-
lication occurred within hepatocytes [20].

In vitro studies showed that the dengue virus hijacked 
the cellular lipid metabolism pathway for replication. 
Viral replication was modulated by serotype as well as 
cell type. HepG2 hepatoma cells were shown to be more 
vulnerable to infectivity with a higher viral replication 
rate. That is why children are more susceptible to severe 
dengue, as most of their hepatocytes are in the G2 phase 
[25]. The outcome of dengue virus infection of hepato-
cytes was apoptosis via different pathways, including 
transcription factor NF-KB activation, endoplasmic 
reticulum stress-triggered p38 dependent, and transcrip-
tion factor CCAAT-enhancer-binding protein homolo-
gous protein-mediated apoptosis [26].

Different immune responses in dengue virus infec-
tions may contribute to varying degrees of liverimpair-
ment. TNF alpha, IL-2, IL-6, and IL-8 levels increase in 
early dengue infection and reach peak levels in the initial 
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3 days. IL-5 and IL-10 increase subsequently [27]. IL-17 
and IL-10 were associated with liver injury, and IL-17 
was significantly associated with transaminase levels [21]. 
Higher levels of IFN gamma-induced protein-10 and 
IL-10 correlated with increased aspartate transaminase 
(AST) and painful hepatomegaly in children [28]. Liver 
cells from fatal dengue infection cases demonstrated 
increased Toll-like receptor (TLR)-2, TLR-3, IL-6, and 
granzyme B with inducible nitric oxide synthases, IL-18, 
and transforming growth factor-β, which may contrib-
ute to liver injury [29]. Pathogenesis of hepatic injury in 
dengue is believed to be primarily a T-cell-mediated pro-
cess involving interaction between antibodies and the 
endothelium and a concomitant cytokine storm.

Pathology
A notable spectrum of histological changes has been 
noted in the liver in dengue virus infection. This com-
prises micro vesicular fatty change, necrosis of hepat-
ocyte, Kupffer cells hyperplasia and destruction, 
Councilman bodies, and mononuclear cell infiltrates at 
the portal tract. Hepatocyte injury including necrotic 
changes usually involves the midzone area followed by 
the centrilobular area which may be the preferred target 
zone of dengue virus [22].

Clinical and biochemical profile of liver involvement
Liver involvement in acute dengue infection is frequently 
observed. Varying degrees of liver involvement are seen. 
The clinical spectrum of liver injury in children mani-
fests as either hepatomegaly, asymptomatic elevation in 
transaminase levels, mild icteric hepatitis, or acute liver 
failure. Among the clinical features of hepatic involve-
ment, hepatomegaly is the commonest among children. 
The frequency of hepatomegaly in children ranges from 
12 to 80% [30–34]. Clinical jaundice has been detected 
in 0.95–60% [30–34] in various series among the pediat-
ric population. Hyperbilirubinemia has been also noted 
though most of them are adult series [35, 36].

Elevation of liver transaminases commonly occurs dur-
ing childhood dengue infection. Table 1 shows published 

pediatric literature describing liver abnormalities with 
dengue fever.

In most of the studies, AST is more remarkable than 
ALT. The meaning of this trend is still not clear. The 
AST released from damaged myocytes during dengue 
infection could be a possible mechanism. AST has vari-
ous sources, including the heart, striated muscle, and 
erythrocytes, including the liver, but ALT primarily is 
hepatic in origin. Increased transaminase levels dur-
ing the first week of infection usually decrease to aver-
age within 3 weeks [37]. The mean levels of AST ranged 
from 78 U/L [30] to 415 U/L [39] and ALT from 52 U/L 
[30] to 253 U/L [39] in pediatric age groups in differ-
ent studies. A more than tenfold increase of transami-
nases level has been found in the severe dengue group 
compared to DF with or without the warning sign group 
[34, 39]. Various studies revealed an increased risk of 
liver injury with increasing severity of DF [30, 34, 39]. 
A large pediatric study of 372 children showed 38.7% 
of children had liver injuries. Among them, only 4.8% 
had ALT/AST > 1000 IU/L for defining severe dengue 
according to WHO guidelines [30]. More studies are 
needed to establish different cut-off values for ALT and 
AST for predicting severe disease. Liver injury is more 
common in boys [30, 40].

Coagulation abnormalities have been demonstrated 
in very few pediatric literature. However, prolonged PT 
(INR > 1.5) was found in 20% of cases, and it was signifi-
cantly higher in severe dengue [34]. Hypoalbuminemia 
has also been seen in children, ranging from 66 to 79% 
[32, 34, 39].

Acute liver failure and dengue fever
Dengue-related liver failure in children is more fre-
quent. Incidence is much higher than that of adults. 
The reported incidence of pediatric dengue-associ-
ated ALF has shown 14%, 18.5%, and 34.3% in dif-
ferent studies from India and Thailand [38, 41, 42]. 
The presentation of liver failure can be varied, either 
classical presentation of dengue with hepatitis and 
severe dengue or less classical dengue characteristics 

Table 1  Liver abnormalities in childhood dengue infection

Reference Number of patients Raised transaminases Hepatomegaly Jaundice

Srivastava et al. [30] 372 38.7% 12.5% 3.5%

Mohan B. et al. [33] 61 87% 74% 25%

Kulkarni et al. [31] 948 90% 36.7% 0.95%

Jagadishkumar et al. [34] 110 79% 4.5%

Roy et al. [37] 120 94% 80.8% 60%

Prasad D. et al. [38] 102 87% 40% 14%
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[22]. Mortality rate is also high which ranges from 50 
to 68.3% [42–44]. A study from India reported 13.7% 
(14/102) of children developed dengue-related ALF. 
Nine of 11 (82%) children of severe hepatitis devel-
oped ALF either at presentation or during the hospi-
tal course. Also, < 5% of cases developed liver failure 
in the mild to moderate hepatitis group. The pres-
ence of severe hepatitis at presentation was a signifi-
cant predictor for ALF development on binary logistic 
regression, p < 0.001 [38]. A large retrospective study 
comprising 2311 serologically confirmed adolescent 
and adult dengue patients showed model for end-stage 
liver disease (MELD) score ≥ 15 was associated with 
ALF from dengue-induced severe hepatitis. Deterio-
ration of liver function and international normalized 
ratio (INR) ≥ 1.5 were the most significant factor of 
mortality related to dengue [45].

ALF due to paracetamol overdose is common. 
There have been enormous pieces of evidence that the 
metabolism of paracetamol is reduced in patients with 
hepatitis [46]. WHO guideline discourages other non-
steroidal anti-inflammatory drugs (ibuprofen or anti-
pyretics) in DF [19]. Dengue can mimic ALF. It needs 
to be considered in the differential diagnosis of ALF 
and cerebral malaria in endemic areas. Dengue can 
also cause worsening of chronic liver disease, being 
the critical component of acute on chronic liver failure 
(ACLF) [47].

Management of dengue-associated ALF is mainly sup-
portive. However, no specific treatment was rigorously 
demonstrated. Intravenous (IV) N-acetylcysteine (NAC) 
was proposed as a potential treatment for dengue-asso-
ciated ALF. The exact mechanism of action of NAC in 
non-paracetamol-induced ALF was not precise. It was 
hypothesized to improve oxygen delivery to the tissue 
[48]. Few reports of NAC use among children showed 
clinical improvement [49, 50]. However, it was unclear 
whether improvement was due to the natural disease 
course.

High volume plasma (HVP) exchange is a promis-
ing option in ALF and ACLF as it supports hepatocyte 
function and eliminates cytokine storms. But the out-
come is not satisfactory in the case of dengue-associ-
ated liver failure. For example, only two of five patients 
with dengue-related ALF survived and underwent HVP 
exchange [51].

Liver transplantation becomes a complex proposal 
instead of hemodynamic instability, bleeding manifes-
tation, and organ failure seen during dengue infection. 
A recent case report demonstrated a successful living 
donor liver transplant (LDLT) in a 29-year-old woman 
with dengue-related ALF and shock [52].

Conclusion
Dengue has an extended spectrum of clinical manifesta-
tions and becomes challenging for clinicians to treat the 
condition. Liver dysfunction in dengue infection is more 
common in children than adults. Liver injury becomes 
more notable when the disease progresses into a more 
severe form. Careful monitoring and early detection of 
patients with severe dengue are essential for appropri-
ate and timely medical intervention to reduce the fatal 
outcome. Supportive treatment is usually required to 
manage this group of patients. Cautious use of drugs is 
mandatory, which may worsen liver damage.
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