2006 Table 360-1 Nomenclature and Features of Hepatitis Viruses
Hepatitis Virus
Type
Particle, nm Morphology
HAV
27
Icosahedral
nonenveloped
HBV
42
Double-shelled
virion (surface
and core)
spherical

Genomea
7.5-kb RNA,
linear, ss, +
3.2-kb DNA,
circular, ss/ds

Classification
Hepatovirus

Antigen(s)
HAV

Antibodies
Anti-HAV

Hepadnavirus

HBsAg
HBcAg
HBeAg

Anti-HBs
Anti-HBc
Anti-HBe
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27

Nucleocapsid
core

HBcAg
HBeAg

Anti-HBc
Anti-HBe

22

Spherical and
filamentous;
represents excess
virus coat material
Enveloped
9.4-kb RNA,
linear, ss, +

HBsAg

Anti-HBs

Hepacivirus

HCV
C100-3
C33c
C22-3
NS5

Anti-HCV

HCV

Approx.
50–80

HDV

35–37

Enveloped hybrid
particle with
HBsAg coat and
HDV core

1.7-kb RNA,
circular, ss, –

Resembles
viroids and
plant satellite
viruses (genus
Deltavirus)

HBsAg
HDAg

Anti-HBs
Anti-HDV

HEV

32–34

Nonenveloped
icosahedral

7.6-kb RNA,
linear, ss, +

Hepevirus

HEV antigen

Anti-HEV

Remarks
Early fecal shedding Diagnosis: IgM anti-HAV
Previous infection: IgG anti-HAV
Bloodborne virus; carrier state
Acute diagnosis: HBsAg, IgM anti-HBc
Chronic diagnosis: IgG anti-HBc, HBsAg
Markers of replication: HBeAg, HBV DNA
Liver, lymphocytes, other organs
Nucleocapsid contains DNA and DNA polymerase; present in hepatocyte nucleus; HBcAg
does not circulate; HBeAg (soluble, nonparticulate) and HBV DNA circulate—correlate with
infectivity and complete virions
HBsAg detectable in >95% of patients with
acute hepatitis B; found in serum, body fluids,
hepatocyte cytoplasm; anti-HBs appears following infection—protective antibody
Bloodborne agent, formerly labeled non-A,
non-B hepatitis
Acute diagnosis: anti-HCV (C33c, C22-3, NS5),
HCV RNA
Chronic diagnosis: anti-HCV (C100-3, C33c, C223, NS5) and HCV RNA; cytoplasmic location in
hepatocytes
Defective RNA virus, requires helper function
of HBV (hepadnaviruses); HDV antigen (HDAg)
present in hepatocyte nucleus
Diagnosis: anti-HDV, HDV RNA; HBV/HDV
co-infection—IgM anti-HBc and anti-HDV; HDV
superinfection—IgG anti-HBc and anti-HDV
Agent of enterically transmitted hepatitis; rare
in United States; occurs in Asia, Mediterranean
countries, Central America
Diagnosis: IgM/IgG anti-HEV (assays not routinely available); virus in stool, bile, hepatocyte
cytoplasm

ss, single-strand; ss/ds, partially single-strand, partially double-strand; −, minus-strand; +, plus-strand.

a

Note: See text for abbreviations.

genotypes (A–J). Geographic distribution of genotypes and subtypes
varies; genotypes A (corresponding to subtype adw) and D (ayw)
predominate in the United States and Europe, whereas genotypes B
(adw) and C (adr) predominate in Asia. Clinical course and outcome
are independent of subtype, but genotype B appears to be associated
with less rapidly progressive liver disease and cirrhosis and a lower
likelihood, or delayed appearance, of hepatocellular carcinoma than
genotype C or D. Patients with genotype A are more likely to clear
circulating viremia and to achieve HBeAg and HBsAg seroconversion,
both spontaneously and in response to antiviral therapy. In addition,
“precore” mutations are favored by certain genotypes (see below).
Upstream of the S gene are the pre-S genes (Fig. 360-3), which code
for pre-S gene products, including receptors on the HBV surface for
polymerized human serum albumin and for hepatocyte membrane
proteins. The pre-S region actually consists of both pre-S1 and pre-S2.
Depending on where translation is initiated, three potential HBsAg
gene products are synthesized. The protein product of the S gene is
HBsAg (major protein), the product of the S region plus the adjacent
pre-S2 region is the middle protein, and the product of the pre-S1 plus
pre-S2 plus S regions is the large protein. Compared with the smaller
spherical and tubular particles of HBV, complete 42-nm virions are
enriched in the large protein. Both pre-S proteins and their respective
antibodies can be detected during HBV infection, and the period of
pre-S antigenemia appears to coincide with other markers of virus replication, as detailed below; however, pre-S proteins have little clinical
relevance and are not included in routine serologic testing repertoires.
The intact 42-nm virion contains a 27-nm nucleocapsid core
particle. Nucleocapsid proteins are coded for by the C gene. The
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antigen expressed on the surface of the nucleocapsid core is hepatitis
B core antigen (HBcAg), and its corresponding antibody is anti-HBc.
A third HBV antigen is hepatitis B e antigen (HBeAg), a soluble,
nonparticulate, nucleocapsid protein that is immunologically distinct
from intact HBcAg but is a product of the same C gene. The C gene has
two initiation codons, a precore and a core region (Fig. 360-3). If translation is initiated at the precore region, the protein product is HBeAg,
which has a signal peptide that binds it to the smooth endoplasmic
reticulum, the secretory apparatus of the cell, leading to its secretion
into the circulation. If translation begins at the core region, HBcAg is
the protein product; it has no signal peptide, it is not secreted, but it
assembles into nucleocapsid particles, which bind to and incorporate
RNA, and which, ultimately, contain HBV DNA. Also packaged within
the nucleocapsid core is a DNA polymerase, which directs replication
and repair of HBV DNA. When packaging within viral proteins is
complete, synthesis of the incomplete plus strand stops; this accounts
for the single-strand gap and for differences in the size of the gap.
HBcAg particles remain in the hepatocyte, where they are readily
detectable by immunohistochemical staining and are exported after
encapsidation by an envelope of HBsAg. Therefore, naked core particles do not circulate in the serum. The secreted nucleocapsid protein,
HBeAg, provides a convenient, readily detectable, qualitative marker
of HBV replication and relative infectivity.
HBsAg-positive serum containing HBeAg is more likely to be
highly infectious and to be associated with the presence of hepatitis B
virions (and detectable HBV DNA, see below) than HBeAg-negative
or anti-HBe-positive serum. For example, HBsAg-positive mothers
who are HBeAg-positive almost invariably (>90%) transmit hepatitis
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