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Acute Viral Hepatitis

Hepatitis C Cell-mediated immune responses and elaboration by T
cells of antiviral cytokines contribute to the multicellular innate and
adaptive immune responses involved in the containment of infection
and pathogenesis of liver injury associated with hepatitis C. The fact
that HCV is so efficient in evading these immune mechanisms is a testament to its highly evolved ability to disrupt host immune responses

at multiple levels. After exposure to HCV, the host cell identifies viral 2011
product motifs (pattern recognition receptors) that distinguish the
virus from “self,” resulting in the elaboration of interferons and other
cytokines that result in activation of innate and adaptive immune
responses. Intrahepatic HLA class I restricted cytolytic T cells directed
at nucleocapsid, envelope, and nonstructural viral protein antigens
have been demonstrated in patients with chronic hepatitis C; however,
such virus-specific cytolytic T cell responses do not correlate adequately
with the degree of liver injury or with recovery. Yet, a consensus has
emerged supporting a role in the pathogenesis of HCV-associated liver
injury of virus-activated CD4+ helper T cells that stimulate, via the
cytokines they elaborate, HCV-specific CD8+ cytotoxic T cells. These
responses appear to be more robust (higher in number, more diverse
in viral antigen specificity, more functionally effective, and more
long lasting) in those who recover from HCV than in those who have
chronic infection. Contributing to chronic infection are a CD4+ proliferative defect that results in rapid contraction of CD4+ responses,
mutations in CD8+ T cell–targeted viral epitopes that allow HCV
to escape immune-mediated clearance, and upregulation of inhibitory receptors on functionally impaired, exhausted T cells. Although
attention has focused on adaptive immunity, HCV proteins have been
shown to interfere with innate immunity by resulting in blocking of
type 1 interferon responses and inhibition of interferon signaling and
effector molecules in the interferon signaling cascade. Several HLA
alleles have been linked with self-limited hepatitis C, the most convincing of which is the CC haplotype of the IL28B gene, which codes for
interferon λ3, a component of innate immune antiviral defense. The
IL28B association is even stronger when combined with HLA class II
DQB1*03:01. The link between non-CC IL28B polymorphisms and
failure to clear HCV infection has been explained by a chromosome
19q13.13 frameshift variant upstream of IL28B, the ΔG polymorphism
of which creates an ORF in a novel interferon gene (IFN-λ4) associated
with impaired HCV clearance. Also shown to contribute to limiting
HCV infection are NK cells of the innate immune system that function
when HLA class I molecules required for successful adaptive immunity
are underexpressed. Both peripheral and intrahepatic NK cell cytotoxicity are dysfunctional in persistent HCV infection. Adding to the
complexity of the immune response, HCV core, NS4B, and NS5B have
been shown to suppress the immunoregulatory nuclear factor (NF)-κB
pathway, resulting in reduced antiapoptotic proteins and a resultant
increased vulnerability to tumor necrosis factor (TNF) α–mediated cell
death. Patients with hepatitis C and unfavorable (non-CC, associated
with reduced HCV clearance) IL28B alleles have been shown to have
depressed NK cell/innate immune function. Of note, the emergence
of substantial viral quasispecies diversity and HCV sequence variation
allow the virus to evade attempts by the host to contain HCV infection
by both humoral and cellular immunity.
Finally, cross-reactivity between viral antigens (HCV NS3 and
NS5A) and host autoantigens (cytochrome P450 2D6) has been
invoked to explain the association between hepatitis C and a subset
of patients with autoimmune hepatitis and antibodies to liver-kidney
microsomal (LKM) antigen (anti-LKM) (Chap. 362).

CHAPTER 360

Debate continues over the relative importance of viral and host
factors in the pathogenesis of HBV-associated liver injury and its
outcome. As noted above, precore genetic mutants of HBV have been
associated with the more severe outcomes of HBV infection (severe
chronic and fulminant hepatitis), suggesting that, under certain circumstances, relative pathogenicity is a property of the virus, not the
host. The fact that concomitant HDV and HBV infections are associated with more severe liver injury than HBV infection alone and
the fact that cells transfected in vitro with the gene for HDV antigen
express HDV antigen and then become necrotic in the absence of
any immunologic influences are also consistent with a viral effect on
pathogenicity. Similarly, in patients who undergo liver transplantation
for end-stage chronic hepatitis B, occasionally, rapidly progressive
liver injury appears in the new liver. This clinical pattern is associated
with an unusual histologic pattern in the new liver, fibrosing cholestatic
hepatitis, which, ultrastructurally, appears to represent a choking of
the cell with overwhelming quantities of HBsAg. This observation
suggests that, under the influence of the potent immunosuppressive
agents required to prevent allograft rejection, HBV may have a direct
cytopathic effect on liver cells, independent of the immune system.
Although the precise mechanism of liver injury in HBV infection
remains elusive, studies of nucleocapsid proteins have shed light on
the profound immunologic tolerance to HBV of babies born to mothers with highly replicative (HBeAg-positive), chronic HBV infection.
In HBeAg-expressing transgenic mice, in utero exposure to HBeAg,
which is sufficiently small to traverse the placenta, induces T cell tolerance to both nucleocapsid proteins. This, in turn, may explain why,
when infection occurs so early in life, immunologic clearance does not
occur, and protracted, lifelong infection ensues.
An important distinction should be drawn between HBV infection
acquired at birth, common in endemic areas, such as East Asia, and
infection acquired in adulthood, common in the West. Infection in
the neonatal period is associated with the acquisition of high-level
immunologic tolerance to HBV and absence of an acute hepatitis illness, but the almost invariable establishment of chronic, often lifelong
infection. Neonatally acquired HBV infection can culminate decades
later in cirrhosis and hepatocellular carcinoma (see “Complications
and Sequelae”). In contrast, when HBV infection is acquired during
adolescence or early adulthood, the host immune response to HBVinfected hepatocytes tends to be robust, an acute hepatitis-like illness
is the rule, and failure to recover is the exception. After adulthoodacquired infection, chronicity is uncommon, and the risk of hepatocellular carcinoma is very low. Based on these observations, some
authorities categorize HBV infection into an “immunotolerant” phase,
an “immunoreactive” phase, and an “inactive” phase. This somewhat
simplistic formulation does not apply at all to the typical adult in the
West with self-limited acute hepatitis B, in whom no period of immunologic tolerance occurs. Even among those with neonatally acquired
HBV infection, in whom immunologic tolerance is established definitively, intermittent bursts of hepatic necroinflammatory activity
punctuate the early decades of life during which liver injury appears
to be quiescent (labeled by some as the “immunotolerant” phase). In
addition, even when clinically apparent liver injury and progressive
fibrosis emerge during later decades (the so-called immunoreactive,
or immunointolerant, phase), the level of immunologic tolerance to
HBV remains substantial. More accurately, in patients with neonatally
acquired HBV infection, a dynamic equilibrium exists between tolerance and intolerance, the outcome of which determines the clinical
expression of chronic infection. Persons infected as neonates tend to
have a relatively higher level of immunologic tolerance during the early
decades of life and a relatively lower level (but only rarely a loss) of
tolerance in the later decades of life.

EXTRAHEPATIC MANIFESTATIONS
Immune complex–mediated tissue damage appears to play a pathogenetic role in the extrahepatic manifestations of acute hepatitis B.
The occasional prodromal serum sickness–like syndrome observed
in acute hepatitis B appears to be related to the deposition in tissue
blood vessel walls of HBsAg-anti-HBs circulating immune complexes,
leading to activation of the complement system and depressed serum
complement levels.
In patients with chronic hepatitis B, other types of immune-complex
disease may be seen. Glomerulonephritis with the nephrotic syndrome
is observed occasionally; HBsAg, immunoglobulin, and C3 deposition
has been found in the glomerular basement membrane. Whereas generalized vasculitis (polyarteritis nodosa) develops in considerably fewer
than 1% of patients with chronic HBV infection, 20–30% of patients
with polyarteritis nodosa have HBsAg in serum (Chap. 385). In
these patients, the affected small- and medium-size arterioles contain
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