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Hepatitis viruses-old and new
The last 10 years have seen a tremendous increase in our
knowledge of the viruses that cause hepatitis and of the
diversity of immunological responses to these viruses and their
associated antigens. Taking these discoveries into account, a
WHO Expert Committee' has recently suggested modifica-
tions in nomenclature.

Hepatitis A virus (HAV) is a small virus 25-28 nm in
diameter with cubic symmetry. It causes classical, infectious
(short incubation) hepatitis. HAV was not identified positively
until 1973, when Feinston et a12 (using immune electron-
microscopy) found virus-like particles 27 nm in size in stool
filtrates from patients with acute infectious hepatitis. Virus
particles of the same size were later shown to develop in the
cytoplasm of hepatocytes in marmosets after experimental
infection with HAV.3 Serological tests are now available for
HAV, including complement fixation, immune adherence,
haemagglutination, and radioimmunoassay. Though the virus
may be found in the faeces for only a few days after the onset
of jaundice, antibody to HAV (anti-HAV) develops shortly
after and may persist for many years. As yet, there is no evi-
dence that chronic liver disease may develop after HAV
infection.

Hepatitis B virus (HBV) causes long incubation hepatitis,
the 42 nm double-shelled virus formerly being known as the
Dane particle. HBV possesses at least three separate antigens,
now known as hepatitis B surface antigen (HBsAg); hepatitis B
core antigen (HBcAg); and e antigen (HBeAg).
HbsAg is found on the surface of the virus and also on the

accompanying 22 nm spherical particles and tubular forms. It
displays antigenic heterogeneity, for, in addition to a common
determinant "a," all HBsAg particles possess two type-
specific subdeterminants, either d or y and either w or r, which
can be demonstrated by the development of "spurs" in
immunodiffusion tests with appropriate reagents. This
heterogeneity implies the existence of virus subtypes; infection
with one viral subtype may fail to confer immunity against a
second infection with another subtype. The heterogeneity has
also proved of value in epidemiological studies, since the sub-
types appear to breed true.
HBcAg is demonstrable only after disruption of the outer

membrane of HBV and is the antigen associated with the core
ofthe virus. It is not found free in blood but may be detectable
in the nuclei of hepatocytes after infection with HBV.
HBeAg, the third antigen associated with HBV, has two

subtypes,4 now designated HBeAg/l and HBeAg/2. There
appears to be a close association between the detection of
HBeAg in HBsAg-positive serum and the presence of com-

plete HBV particles,5 so that HBeAg is a valuable marker ofthe
potential infectivity of HBsAg-positive serum.

After infection with hepatitis B virus HBsAg and HBeAg
may be present in the blood for a month before the onset of
symptoms.6 Once symptoms have developed HBs antigen-
aemia lasts about six weeks; and normally antibody to HBsAg
(anti-HBs) does not appear until convalescence. HBeAg is
cleared from the blood more rapidly, and again clearance is
associated with the detection of anti-HBe. An antibody
response to HBcAg (anti-HBc) occurs even earlier, about the
time of the rise in the serum aminotransferases concentration.
Anti-HBc seems to have a relatively short lifetime, and hence
its detection is evidence of recent infection with HBV.
When the clinical course of long incubation hepatitis is

atypical, however, variations may occur in these immune
responses to the antigens. Progression of acute hepatitis B to
chronic hepatitis is normally associated with a failure to clear
HBsAg and HBeAg from the serum, possibly because the
patient fails to produce sufficient antibodies of high enough
affinity to eliminate the virus. In contrast, fulminant hepatitis
B is associated with an unusually rapid clearance of HBsAg
from the serum,7 8 suggesting that the antibody response is
enhanced.

Finally, the development of sensitive serological techniques
for diagnosing infection with both hepatitis B virus and
hepatitis A virus has made it clear that some episodes of acute
viral hepatitis are due to neither of these agents-nor to
viruses such as the Epstein-Barr virus or cytomegalovirus,
which occasionally produce a predominantly hepatic illness.
In the United States non-A non-B hepatitis is now the most
common form of hepatitis occurring after blood transfusion.
Mosley et a19 have recently postulated the existence of at least
two such non-A non-B viruses on the basis of serological
studies in 13 patients who had had multiple attacks of acute
hepatitis. These viruses may be responsible for both trans-
fusion-associated hepatitis and sporadic hepatitis, but as yet
no laboratory tests are available to identify them.
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