Hepatology Snapshot:

JOURNAL
OF HEPATOLOGY

Hepatopathology of flaviviruses
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Hepatology Snapshot
Acute hepatitis can be caused by a variety of viruses, many of
which are uncommon in the United States. Diagnosis requires
virus-speciﬁc molecular and/or antigen-based tests, but disease
severity can be assessed using a set of classical liver function tests.
An increase in alanine aminotransferase (ALT) levels in serum is an
early and speciﬁc indicator of hepatocyte damage. ALT concentrations are proportional to the degree of hepatocyte injury but
can be elevated even in subclinical cases. Derangements in hepatic
excretory function (as measured by blood concentrations of bilirubin), synthetic function (prolongation of the prothrombin time),
and metabolic function (hyperammonemia) indicate progressively
more serious liver dysfunction.
Among viruses capable of causing hepatitis are the ﬂaviviruses (i.e., Flavivirus genus), which includes a diverse group of
medically important viruses with positive-sense, nonsegmented, single-stranded RNA genomes enveloped in a lipid
membrane. In contrast to the blood-borne human viruses found
in the larger Flaviviridae family (i.e., hepatitis C virus and human
pegivirus), all medically important ﬂaviviruses are transmitted to
humans via the bite of an infected arthropod (i.e., tick or mosquito). Transmission of these viruses is linked to seasonal and
local changes in arthropod activity, and anti-vector countermeasures (e.g., elimination of breeding grounds and insecticides)
are often the most effective means of prevention. To date, only
vaccines against Japanese encephalitis (JEV), yellow fever,
Dengue (in virus-experienced individuals), and tick-borne encephalitis viruses are used in humans. Cross-protective immunity – and the peculiar phenomenon of antibody-dependent
enhancement (ADE) of heterologous ﬂavivirus infection – have
complicated vaccine development for members of this family.
Closely related Flaviviruses are grouped into “complexes” that
share genetic, ecological, and epidemiological features: differences
between mammalian host(s), vector species, and/or locations
often distinguish viruses within a complex.1 Herein, we discuss
differences between ﬂavivirus complexes with regards to hepatopathology, drawing attention to speciﬁc viruses when necessary. While several ﬂaviviruses are not discussed due to their lack
of medical relevance, it should be noted that seemingly obscure
ﬂaviviruses can emerge from relative obscurity, as demonstrated
by the West Nile virus (WNV) and Zika virus epidemics in the
Americas in 1999-2003 and 2015-2016, respectively.
Viruses in the JEV complex (e.g., JEV, WNV, and St. Louis encephalitis virus) and the Spondweni virus complex (e.g., Zika
virus) are globally distributed. While most infections are
asymptomatic, symptomatic cases initially present as nonspeciﬁc viral syndromes that are often accompanied by a
diffuse maculopapular rash on the torso and extremities.
Although immortalized hepatocyte cell lines support robust
replication by many of these ﬂaviviruses, this infection may be
due to defective immune signaling in these cells. Indeed, substantive injury to the liver, as reﬂected by elevated ALT concentration in serum, is rare (i.e., case-reportable). Instead,
encephalitis and/or congenital transmission are the main causes
of morbidity and mortality for these complexes of ﬂaviviruses.2,3
The Tick-borne ﬂavivirus (TBFV) complex has a global distribution, with Powassan virus (POWV) the only one endemic to
North America. Although human TBFV infections are sporadic and
rare, the case-fatality rate can be high (1-40%). The disease course
is biphasic, with the initial phase characterized by a severe ﬂu-like
viral syndrome accompanied by hemorrhagic ﬁndings (the

bleeding manifestations do not typically occur with POWV
infection). The pathophysiology of hemorrhage in these infections
remains poorly understood but is attributed to endothelial
dysfunction and injury. Although a mild elevation in serum liver
enzymes (ALT <5x upper limit of reference range) is seen during
this period in 80% of cases, the degree of liver damage is unlikely
to cause meaningful functional defects. A subset of cases progress
to a second disease phase, which features neurological manifestations characteristic of a central nervous system viral infection.
The ensuing encephalitis can result in death (1-20% case fatality
rate) or permanent and debilitating neurological sequelae.4,5
Four dengue serotypes comprise the dengue virus complex,
with each serotype eliciting an antibody response capable of
facilitating ADE, and more severe forms of dengue, upon subsequent infection with a distinct serotype. Mild liver injury with
elevations in serum liver enzymes is not uncommon during
infection. However, 0.3% of dengue cases develop severe liver
complications characterized by jaundice, hepatomegaly, markedly elevated serum liver enzymes (ALT 10x upper limit of
reference range), hyperammonemia, and prolonged prothrombin
time; these abnormalities carry a poor prognosis. Histological
examination of the liver shows midzonal necrosis with or
without an acute multi-leukocytic inﬁltrate. The pathophysiology of this relatively rare manifestation of dengue remains
poorly understood, as animal models do not recapitulate this
aspect of dengue disease.6,7
The yellow fever virus (YFV) complex contains YFV, the sole
member of the ﬂavivirus genus that consistently causes severe
liver injury. At present, YFV is found only in Africa and South
America, although its potential for spread to other areas is of
concern, as its global distribution was more widespread in prior
centuries.8 After mosquito inoculation, YFV can infect and cause
dysfunction in multiple visceral organs, although its most distinguishing feature is the hepatopathology observed in severe
cases. Signs of liver damage often present within 3 days of ﬂulike symptom onset, at a time when most patients are improving
clinically. A subset (30%) of patients progress to the highlylethal “toxic” phase, which is characterized by fulminant hepatic failure (ALT >20x upper limit of reference range), visceral
organ damage, and coagulopathy.9 Histology of the liver shows
necrosis/apoptosis of hepatocytes and Kupffer cells most prominently in the midzone accompanied by microvesicular fatty
change. Despite this degree of injury, leukocyte inﬁltrates are
scarce. Coagulopathy in severe yellow fever is a key contributor
to mortality, yet it is complex, with coagulation factor consumption compounding a synthesis defect resulting from hepatocyte destruction. Although hepatocyte infection and injury is a
central feature of YFV pathogenesis, damage to extrahepatic
tissues (e.g., kidney) contributes to YF disease in poorly understood ways.10 In extremely rare (1:1,000,000) cases, the YFV
vaccine can cause a severe and even fatal YF-like disease known
as YF vaccine-associated viscerotropic disease (YEL-AVD).
In summary, the ﬂaviviruses are arthropod-borne RNA viruses
that cause hundreds of millions of infections annually. Liver
disease is rare among most ﬂavivirus infections, although a small
fraction of TBEV and dengue infections can result in moderate to
severe liver injury. In contrast, liver manifestations are common
among YFV infections, and a substantial proportion of symptomatic infections can progress to hepatic failure, coagulopathy,
and death.
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