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Hepatitis B vaccines

Viral hepatitis is a major public health problem endemic in all
parts of the world. The infection is caused by at least three and
probably four different viruses, ofwhich hepatitis A (infectious
hepatitis) and hepatitis B (referred to in the past as serum
hepatitis) have been characterised. Intensive studies are in
progress to identify the more recently recognised non-A
non-B hepatitis virus or viruses.

Hepatitis B affects every aspect of medical practice, with its
impact on blood transfusion services and with progression
of the infection in some patients to chronic active hepatitis,
cirrhosis, and primary hepatocellular carcinoma. Infection
with hepatitis B virus may also lead to a persistent carrier
state which may be associated with liver damage. Survival of
the virus is ensured by a reservoir of carriers estimated to
number 180 million: its frequency among blood donors varies
from 0.1% or less in northern Europe, North America, and
Australia to up to 500 in central and eastern Europe, and higher
still in southern Europe, countries bordering the Mediter-
ranean, and parts of Central and South America. In some
areas of Africa, Asia, and the Pacific as many as a fifth of the
population may be carriers. Within each country, considerable
differences in prevalence exist between different ethnic
groups and socioeconomic groups.
The importance of the parenteral and inapparent parenteral

routes of transmission of hepatitis B is now well established.
Blood, saliva, seminal fluid, and breast milk have all been
implicated in spreading infection, but infectivity appears to be
especially related to blood. The wide range of transmission
mechanisms includes transfusion of blood and plasma
derivatives; use of inadequately sterilised syringes, needles,
and instruments; sexual contact; and possibly blood-sucking
arthropods. In some regions transmission of hepatitis B to
infants is common either from carrier mothers or from
mothers with acute infection during the last two trimesters of
pregnancy or within two months of delivery.
A hepatitis B vaccine is therefore urgently needed for

groups at high risk of acquiring the infection1: health care
and laboratory personnel; patients and staff of haemodialysis
and transplant units and oncology units; patients requiring
multiple transfusions; and residents and staff of institutions for
the mentally handicapped. Vaccines may also be indicated for
persons living in regions where the prevalence of hepatitis B
infection is very high, and especially where primary liver
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cancer is common. High rates of infection have also been
reported in drug abusers, homosexuals, and prostitutes.

Since, however, hepatitis B virus has not been grown in
cell culture no real progress has been made towards the
development of a con-ventional vaccine. Attention has recently
been directed to other possible preparations for active
immunisation. The separated viral coat proteins containing
hepatitis B surface antigen (originally referred to as Australia
antigen) generate protective antibody, and 22 nm spherical
hepatitis B surface antigen particles can be used as vaccines
when purified and inactivated by formalin. The preparation of
such vaccines for use in man-from viral antigens not grown
in cell culture but obtained from the plasma of persistent
carriers of hepatitis B antigens-is an entirely new approach
in preventive medicine, demanding special attention to
purification, inactivation, safety, and quality control.' Some
have been concerned about the possible induction of harmful
immunological reactions to contaminatng host components
that may be present in some preparations,2 3 but no such
reactions have been observed in safety and efficacy tests in
susceptible chimpanzees and in individuals immunised.
Carefully controlled field trials are now in progress in the
United States.4

Vaccines are also being prepared in several laboratories
from some of the constituent polypeptides of hepatitis B
surface antigen. Such preparations would have an added
margin of safety since they would be even less likely to contain
infectious virus or contaminating host proteins. Recently a
method has been developed for the separation of large
quantities of such polypeptides,5 and these preparations are
being evaluated for their immunogenicity and protective
efficacy.
Another possible source of hepatitis B surface antigen is

that produced from cell lines derived from human hepato-
cellular carcinomas,6 7 when both production and quality
of the antigen could probably be more precisely controlled.
Clearly, rigorous purification of the antigen would be essential
to eliminate any contaminants, including nucleic acids; but
the relatively simple biochemical composition of the cell-line
antigen and its ready availability make this an attractive
source of material either for a highly purified intact 22 nm-
particle vaccine or for a polypeptide hepatitis B vaccine.7
Yet another approach to future production of vaccine may
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be the use of hepatitis B antigenic proteins expressed in
bacterial clones after insertion of the genome of hepatitis B
virus into plasmids, and indeed some progress has been
made in this direction. Hepatitis B core antigen synthetised in
Escherichia coli is serologically active when injected with
Freund's adjuvant into rabbits,8 and, though core antibody
does not protect against infection, research has established
the feasibility of vaccine production from viral antigens
produced in bacterial cells.

Perhaps the most interesting prospect is the possibility of
synthetising vaccines.9 The nucleotide sequences of part of the
hepatitis B viral genome corresponding to the surface antigen
have recently been defined,8 and once the amino-acid
sequences responsible for antigenic activity have been
identified by animal immunisation they could be synthetised.
Whether antibodies -to such synthetic immunogens will be
protective and whether the antibodies will persist remains to
be determined. There are, however, many obvious advantages
in attaining the ultimate goal of multivalent synthetic vaccines
to replace current microbial vaccines, which often contain
much irrelevant antigenic material to contaminate the essential
immunogen and provoke side effects.
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Management of severe
hypercalcaemia
Maintenance of a normal serum concentration of calcium
depends on a delicate balance between intestinal absorption,
bone turnover, and renal excretion-which themselves are
regulated by the actions of hormones such as parathyroid
hormone and vitamin D. In simple terms, hypercalcaemia
develops when the influx of calcium from bone or intestine
exceeds the excretory capacity of the kidney. In theory the
kidney can excrete large amounts of calcium, so that hyper-
calcaemia ought to be rare; but in practice renal function
becomes i.mpaired by the deleterious effect exerted by raised
concentrations of serum calcium on function at all parts of the
nephron.' The glomerular filtration rate (GFR) is reduced
owing to renal vasoconstriction, salt loss occurs because of
inhibition of active distal reabsorption, and water loss is
incr-eased from antagonism of the action of antidiuretic hor-
mone on the collecting duct. The resulting volume depletion
increases proximal reabsorption of sodium and, unfortunately,

calcium reabsorption, so perpetuating and accentuating the
existing hypercalcaemia.

Severe hypercalcaemia is a medical emergency and treatment
often has to precede accurate diagnosis. The aim should be to
reduce the serum calcium concentration to a safe (but'not
necessarily normal) value to allow time for starting definitive
treatment. Treatment must therefore be chosen on grounds
of predictability and speed of action. The first step is to correct
volume depletion by infusing saline, thus restoring the GFR
to normal. A high intake of salt should be continued, so
promoting a sodium and calcium diuresis.2 Renal losses of
calcium may be further increased by-adding a loop diuretic
such-as frusemide in doses of up to 125 mg three hourly.3 This
results in considerable losses of water and electrolytes-and
these must be replaced, so that close biochemical supervision is
necessary. If the patient's tolerance of treatment based on
volume expansion and forced diuresis seems likely to be
limited by cardiac or renal failure then two further options are
available: reducing the calcium. load from bone or intestine,
or removing calcium from the extracellular fluid by chelating
agents or dialysis. Intestinal absorption of calcium can be
reduced by corticosteroids and a low-calcium diet, but in
severe hypercalcaemia bone is the usual origin of the calcium,
and several drugs are available which suppress bone resorption.

Corticosteroids are still widely used to lower serum calcium
concentrations despite their unpredictability and the trivial
short-term re'duction they produce. The hypercalcaemia of
sarcoidosis4 and vitamin D intoxication5 is usually steroid
sensitive and that due to hyperparathyroidism steroid resistant,6
but this is not invariable.7 In treating hypercalcaemia com-
plicating malignant disease corticosteroids'have been con-
sidered highly effective by some authors8 and ineffective by
themselves by others.9 10 Furthermore, the calcium-lowering
effect of corticosteroids may take a week to develop,8 and in the
critical first 48 hours of treatment reductions of less than 025
mmol per litre may be all that is achieved.'0 In contrast,
mithramycin has proved highly effective in treating severe
hypercalcaemia of diverse aetiologies."'3 After a single
injection of 25 ,ug per kg body weight the serum calcium
concentration falls progressively, averaging 07 mmol per litre
over 48 hours. This fall may be maintained for several days.'2 13
With continuous treatment there is a risk of marrow suppres-
sion or of renal or liver damage, and, though these risks seem
to be less with the intermittent courses needed to control
hypercalcaemia,'3 this toxicity has limited the widespread use
of the drug.

Calcitonin has obvious attractions: its suppression of bone
turnover produces a rapid fall in the serum calcium concen-
tration without evidence of serious toxicity. Of the three
species available-porcine, human, and salmon-the last is
the most potent weight for weight and has the longest duration
of action. Dosage is largely empirical: 4 MRC units per kg
given intramuscularly every 12 hours has been suggested as the
optimal dose,14 but in an adult of normal weight 100 MRC
units may be just as effective and are likely to be attended by
fewer side effects. An early indication of likely response can be
obtained from the fall in the serum calcium concentration in
the six hours after the first injection. About a fifth of patients
fail to respond1415 and reductions of the serum calcium
concentration of over 0-7 mmol per litre are unusual even with
severe hypercalcaemia,'5'7 so that if there is no response an
alternative treatment should be tried early in the very ill
patient. In isolated cases of malignant disease (presumably
when the hypercalcaemia is due to secretion of prostaglandins)
indomethacin and aspirin have reduced serum calcium
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