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Figure 360-4 Scheme of typical clinical and laboratory features
of acute hepatitis B. ALT, alanine aminotransferase.
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Acute Viral Hepatitis

Serologic and virologic markers After a person is infected with HBV,
the first virologic marker detectable in serum within 1–12 weeks,
usually between 8 and 12 weeks, is HBsAg (Fig. 360-4). Circulating
HBsAg precedes elevations of serum aminotransferase activity and
clinical symptoms by 2–6 weeks and remains detectable during the
entire icteric or symptomatic phase of acute hepatitis B and beyond.
In typical cases, HBsAg becomes undetectable 1–2 months after the
onset of jaundice and rarely persists beyond 6 months. After HBsAg
disappears, antibody to HBsAg (anti-HBs) becomes detectable in
serum and remains detectable indefinitely thereafter. Because HBcAg
is intracellular and, when in the serum, sequestered within an HBsAg
coat, naked core particles do not circulate in serum, and therefore,
HBcAg is not detectable routinely in the serum of patients with HBV
infection. By contrast, anti-HBc is readily demonstrable in serum,
beginning within the first 1–2 weeks after the appearance of HBsAg
and preceding detectable levels of anti-HBs by weeks to months.

Because variability exists in the time of appearance of anti-HBs after 2007
HBV infection, occasionally a gap of several weeks or longer may
separate the disappearance of HBsAg and the appearance of anti-HBs.
During this “gap” or “window” period, anti-HBc may represent the
only serologic evidence of current or recent HBV infection, and blood
containing anti-HBc in the absence of HBsAg and anti-HBs has been
implicated in transfusion-associated hepatitis B. In part because the
sensitivity of immunoassays for HBsAg and anti-HBs has increased,
however, this window period is rarely encountered. In some persons,
years after HBV infection, anti-HBc may persist in the circulation
longer than anti-HBs. Therefore, isolated anti-HBc does not necessarily indicate active virus replication; most instances of isolated
anti-HBc represent hepatitis B infection in the remote past. Rarely,
however, isolated anti-HBc represents low-level hepatitis B viremia,
with HBsAg below the detection threshold, and, occasionally, isolated
anti-HBc represents a cross-reacting or false-positive immunologic
specificity. Recent and remote HBV infections can be distinguished by
determination of the immunoglobulin class of anti-HBc. Anti-HBc of
the IgM class (IgM anti-HBc) predominates during the first 6 months
after acute infection, whereas IgG anti-HBc is the predominant class of
anti-HBc beyond 6 months. Therefore, patients with current or recent
acute hepatitis B, including those in the anti-HBc window, have IgM
anti-HBc in their serum. In patients who have recovered from hepatitis B in the remote past as well as those with chronic HBV infection,
anti-HBc is predominantly of the IgG class. Infrequently, in ≤1–5%
of patients with acute HBV infection, levels of HBsAg are too low to
be detected; in such cases, the presence of IgM anti-HBc establishes
the diagnosis of acute hepatitis B. When isolated anti-HBc occurs in
the rare patient with chronic hepatitis B whose HBsAg level is below
the sensitivity threshold of contemporary immunoassays (a low-level
carrier), anti-HBc is of the IgG class. Generally, in persons who have
recovered from hepatitis B, anti-HBs and anti-HBc persist indefinitely.
The temporal association between the appearance of anti-HBs and
resolution of HBV infection as well as the observation that persons
with anti-HBs in serum are protected against reinfection with HBV
suggests that anti-HBs is the protective antibody. Therefore, strategies
for prevention of HBV infection are based on providing susceptible
persons with circulating anti-HBs (see below). Occasionally, in ~10%
of patients with chronic hepatitis B, low-level, low-affinity anti-HBs
can be detected. This antibody is directed against a subtype determinant different from that represented by the patient’s HBsAg; its
presence is thought to reflect the stimulation of a related clone of
antibody-forming cells, but it has no clinical relevance and does not
signal imminent clearance of hepatitis B. These patients with HBsAg
and such nonneutralizing anti-HBs should be categorized as having
chronic HBV infection.
The other readily detectable serologic marker of HBV infection,
HBeAg, appears concurrently with or shortly after HBsAg. Its appearance coincides temporally with high levels of virus replication and
reflects the presence of circulating intact virions and detectable HBV
DNA (with the notable exception of patients with precore mutations
who cannot synthesize HBeAg—see “Molecular Variants”). Pre-S1 and
pre-S2 proteins are also expressed during periods of peak replication,
but assays for these gene products are not routinely available. In selflimited HBV infections, HBeAg becomes undetectable shortly after
peak elevations in aminotransferase activity, before the disappearance
of HBsAg, and anti-HBe then becomes detectable, coinciding with a
period of relatively lower infectivity (Fig. 360-4). Because markers of
HBV replication appear transiently during acute infection, testing for
such markers is of little clinical utility in typical cases of acute HBV
infection. In contrast, markers of HBV replication provide valuable
information in patients with protracted infections.
Departing from the pattern typical of acute HBV infections, in
chronic HBV infection, HBsAg remains detectable beyond 6 months,
anti-HBc is primarily of the IgG class, and anti-HBs is either undetectable or detectable at low levels (see “Laboratory Features”) (Fig. 360-5).
During early chronic HBV infection, HBV DNA can be detected both
in serum and in hepatocyte nuclei, where it is present in free or episomal form. This relatively highly replicative stage of HBV infection is
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B infection to their offspring, whereas HBsAg-positive mothers with
anti-HBe rarely (10–15%) infect their offspring.
Early during the course of acute hepatitis B, HBeAg appears transiently; its disappearance may be a harbinger of clinical improvement
and resolution of infection. Persistence of HBeAg in serum beyond the
first 3 months of acute infection may be predictive of the development
of chronic infection, and the presence of HBeAg during chronic hepatitis B tends to be associated with ongoing viral replication, infectivity,
and inflammatory liver injury (except during the early decades after
perinatally acquired HBV infection; see below).
The third and largest of the HBV genes, the P gene (Fig. 360-3),
codes for HBV DNA polymerase; as noted above, this enzyme has
both DNA-dependent DNA polymerase and RNA-dependent reverse
transcriptase activities. The fourth gene, X, codes for a small, nonparticulate protein, hepatitis B x antigen (HBxAg), that is capable of
transactivating the transcription of both viral and cellular genes
(Fig. 360-3). In the cytoplasm, HBxAg effects calcium release (possibly
from mitochondria), which activates signal-transduction pathways
that lead to stimulation of HBV reverse transcription and HBV DNA
replication. Such transactivation may enhance the replication of HBV,
leading to the clinical association observed between the expression
of HBxAg and antibodies to it in patients with severe chronic hepatitis and hepatocellular carcinoma. The transactivating activity can
enhance the transcription and replication of other viruses besides
HBV, such as HIV. Cellular processes transactivated by X include the
human interferon γ gene and class I major histocompatibility genes;
potentially, these effects could contribute to enhanced susceptibility of
HBV-infected hepatocytes to cytolytic T cells. The expression of X can
also induce programmed cell death (apoptosis). The clinical relevance
of HBxAg is limited, however, and testing for it is not part of routine
clinical practice.
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