2004 MRP2 is undoubtedly important in the biliary excretion of conjugated

bilirubin, the fact that this pigment is still excreted in the absence of
MRP2 suggests that other, as yet uncharacterized, transport proteins
may serve in a secondary role in this process.
Patients with DJS also have a diagnostic abnormality in urinary
coproporphyrin excretion. There are two naturally occurring coproporphyrin isomers, I and III. Normally, ∼75% of the coproporphyrin
in urine is isomer III. In urine from DJS patients, total coproporphyrin content is normal, but >80% is isomer I. Heterozygotes for the
syndrome show an intermediate pattern. The molecular basis for this
phenomenon remains unclear.
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Rotor Syndrome This benign, autosomal recessive disorder is clinically
similar to DJS (Table 359-2), although it is seen even less frequently.
A major phenotypic difference is that the liver in patients with Rotor
syndrome has no increased pigmentation and appears totally normal.
The only abnormality in routine laboratory tests is an elevation of
total serum bilirubin, due to a predominant rise in conjugated bilirubin. This is accompanied by bilirubinuria. Several additional features
differentiate Rotor syndrome from DJS. In Rotor syndrome, the
gallbladder is usually visualized on oral cholecystography, in contrast
to the nonvisualization that is typical of DJS. The pattern of urinary
coproporphyrin excretion also differs. The pattern in Rotor syndrome
resembles that of many acquired disorders of hepatobiliary function,
in which coproporphyrin I, the major coproporphyrin isomer in bile,
refluxes from the hepatocyte back into the circulation and is excreted
in urine. Thus, total urinary coproporphyrin excretion is substantially
increased in Rotor syndrome, in contrast to the normal levels seen in
DJS. Although the fraction of coproporphyrin I in urine is elevated,
it is usually <70% of the total, compared with ≥80% in DJS. The disorders also can be distinguished by their patterns of BSP excretion.
Although clearance of BSP from plasma is delayed in Rotor syndrome,
there is no reflux of conjugated BSP back into the circulation as seen
in DJS. Kinetic analysis of plasma BSP infusion studies suggests the
presence of a defect in intrahepatocellular storage of this compound.
This has never been demonstrated directly. Recent studies indicate
that the molecular basis of Rotor syndrome results from simultaneous deficiency of the plasma membrane transporters OATP1B1 and
OATP1B3. This results in reduced reuptake of conjugated bilirubin
that has been pumped out of the cell into the portal circulation by
MRP3 (Fig. 359-1).
Benign Recurrent Intrahepatic Cholestasis (BRIC) This rare disorder
is characterized by recurrent attacks of pruritus and jaundice. The
typical episode begins with mild malaise and elevations in serum
aminotransferase levels, followed rapidly by rises in alkaline phosphatase and conjugated bilirubin and onset of jaundice and itching.
The first one or two episodes may be misdiagnosed as acute viral
hepatitis. The cholestatic episodes, which may begin in childhood
or adulthood, can vary in duration from several weeks to months,
followed by a complete clinical and biochemical resolution. Intervals
between attacks may vary from several months to years. Between
episodes, physical examination is normal, as are serum levels of bile
acids, bilirubin, transaminases, and alkaline phosphatase. The disorder is familial and has an autosomal recessive pattern of inheritance.
BRIC is considered a benign disorder in that it does not lead to cirrhosis or end-stage liver disease. However, the episodes of jaundice
and pruritus can be prolonged and debilitating, and some patients
have undergone liver transplantation to relieve the intractable and
disabling symptoms. Treatment during the cholestatic episodes is
symptomatic; there is no specific treatment to prevent or shorten the
occurrence of episodes.
A gene termed FIC1 was recently identified and found to be mutated
in patients with BRIC. Curiously, this gene is expressed strongly in the
small intestine but only weakly in the liver. The protein encoded by
FIC1 shows little similarity to those that have been shown to play a
role in bile canalicular excretion of various compounds. Rather, it
appears to be a member of a P-type ATPase family that transports
aminophospholipids from the outer to the inner leaflet of a variety of
cell membranes. Its relationship to the pathobiology of this disorder
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remains unclear. A second phenotypically identical form of BRIC,
termed BRIC type 2, has been described resulting from mutations in
the bile salt excretory protein (BSEP), the protein that is defective in
progressive familial intrahepatic cholestasis type 2 (Table 359-2). How
some mutations in this protein result in the episodic BRIC phenotype
is unknown.
Progressive Familial Intrahepatic Cholestasis (FIC) This name is applied
to three phenotypically related syndromes (Table 359-2). Progressive
FIC type 1 (Byler disease) presents in early infancy as cholestasis that
may be initially episodic. However, in contrast to BRIC, Byler disease
progresses to malnutrition, growth retardation, and end-stage liver
disease during childhood. This disorder is also a consequence of a FIC1
mutation. The functional relationship of the FIC1 protein to the pathogenesis of cholestasis in these disorders is unknown. Two other types
of progressive FIC (types 2 and 3) have been described. Progressive
FIC type 2 is associated with a mutation in the protein originally
named sister of p-glycoprotein, now known as bile salt excretory protein,
which is the major bile canalicular exporter of bile acids. As noted
above, some mutations of this protein are associated with BRIC type 2,
rather than the progressive FIC type 2 phenotype. Progressive FIC
type 3 has been associated with a mutation of MDR3, a protein that is
essential for normal hepatocellular excretion of phospholipids across
the bile canaliculus. Although all three types of progressive FIC have
similar clinical phenotypes, only type 3 is associated with high serum
levels of γ-glutamyltransferase activity. In contrast, activity of this
enzyme is normal or only mildly elevated in symptomatic BRIC and
progressive FIC types 1 and 2.

360

Acute Viral Hepatitis
Jules L. Dienstag

Acute viral hepatitis is a systemic infection affecting the liver predominantly. Almost all cases of acute viral hepatitis are caused by one of five
viral agents: hepatitis A virus (HAV), hepatitis B virus (HBV), hepatitis
C virus (HCV), the HBV-associated delta agent or hepatitis D virus
(HDV), and hepatitis E virus (HEV). All these human hepatitis viruses
are RNA viruses, except for hepatitis B, which is a DNA virus but
replicates like a retrovirus. Although these agents can be distinguished
by their molecular and antigenic properties, all types of viral hepatitis
produce clinically similar illnesses. These range from asymptomatic
and inapparent to fulminant and fatal acute infections common to all
types, on the one hand, and from subclinical persistent infections to
rapidly progressive chronic liver disease with cirrhosis and even hepatocellular carcinoma, common to the bloodborne types (HBV, HCV,
and HDV), on the other.
VIROLOGY AND ETIOLOGY
Hepatitis A HAV is a nonenveloped 27-nm, heat-, acid-, and etherresistant RNA virus in the Hepatovirus genus of the picornavirus
family (Fig. 360-1). Its virion contains four capsid polypeptides,
designated VP1 to VP4, which are cleaved posttranslationally from
the polyprotein product of a 7500-nucleotide genome. Inactivation
of viral activity can be achieved by boiling for 1 min, by contact with
formaldehyde and chlorine, or by ultraviolet irradiation. Despite
nucleotide sequence variation of up to 20% among isolates of HAV,
and despite the recognition of four genotypes affecting humans, all
strains of this virus are immunologically indistinguishable and belong
to one serotype. Hepatitis A has an incubation period of ~4 weeks. Its
replication is limited to the liver, but the virus is present in the liver, bile,
stools, and blood during the late incubation period and acute preicteric/
presymptomatic phase of illness. Despite slightly longer persistence of virus
in the liver, fecal shedding, viremia, and infectivity diminish rapidly once
jaundice becomes apparent. HAV can be cultivated reproducibly in vitro.
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