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HBV: Have we found the ultimate answer?

S. P. Thyagarajan

Hepatitis B virus (HBV) continues to be
the single most important cause of viral
hepatitis throughout the world, along
with hepatitis C virus, an important
cause of chronic liver diseases and he-
patocellular carcinoma', The situation is
further disturbing as seen from the re-
cent reports that HBV could also be
involved In extra-hepatic immunologi-
cally mediated diseases Ilike primary
biliary cirrhosis, polyarteritis nodosa
and glomerulonephritis® °.

The only known reservoir of this no-
tortous virus is human beings them-
selves as healthy carriers of HBYVY in all
the populations m the world. To date,
there are nearly 370 million HBV carri-~
ers in the world, with the highest inci-
dence of 10-20% in the tropical
countries', In India itself, a conservative
estimate of 30 million carriers is pro-
jected to be present based on 3-5%
HBYV carrier rate in the population,

Studies on HBV exposure pattern in
the population have clearly shown the
predominant role of horizontal trans-
mission besides vertical/perinatal trans-
mission in the spread of [IBVY®, Re-
ports have also shown the family clus-
tering of HI3sAg In 40-65% of family
members of HBV carrier families, while
the same was much lower 1n non-carrier
famlies™

Prevention and control of
hepatitis I3

All tiese informations on the notoriety
of 1BV led to public health urgency of
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an effective prevention strategy for
hepatitis B. As per the conventional
methodology adopted in the prevention
of any infectious disease, production of
hepatitis B vaccines was successfully
attempted in the 1970s itself,

Plasma-derived hepatitis B
vaccines

The first of the hepatitis B vaccines was
manufactured using hepatitis B surface
antigen (HBsAg) particles from the
plasma of chronic HBV carriers by
Krugman and Giles 1n 1973 (ref. 7).
However, the commercial plasma-
derived hepatitis B vaccine came into
human use only in 1982, Current
plasma-derived vaccines consist of
highly purified formalin-inactivated
and/or heat-inactivated alum-adsorbed
hepatitis B 22 nm subviral particles of
IIBsAg that are free of detectable nu-
cleic acid. The antigen is harvested from
the plasma of asymptomatic, apparently
healthy human carriers of HBV by a
series of steps that may include precipi-
tation, ultracentrifugation, gel filtration
and/or affinily chromatography,

The methodology of this vaccine
preparation s in brict as follows:

e Plisma from hepalitts B carriers
Defibrination (with added calcium)

e Ammontum sulphate precipiation
(concentration)

¢ Dyopycnic bandig (sodium bromide)

 Rate sonul
gradicnt)

sedunentation  (suciose
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e Pepsin digestion pH2 (10-fold purifi-
cation)

Urea 8 M (denature—renature)

Gel filtration (molecular sieve)
Formalin 1:4000 (72 h/37°C)
Vaccine, 20 mcg surface antigen/
dose with 0.5 mg alum in 1 ml and
thiomersal.

By these stringent procedures it is
stated that all the known blood-borne
viruses like retro, including HIV 1 and
II, toga, lenti (HCV) and others are in-
activated fully and their nucleic acid
components removed.

Currently, there are more than a
dozen manufacturers of plasma-derived
vaccines worldwide. The commonest
ones are Hepatavax B, manufactured by
Merck, Sharp and Dohme laboratories,
USA, and Hepavac-B by Korean Green
Cross Corporation. These vaccines have
been proved by several clinical trials as
safe, immunogenic and effective hepati-
tis 13 vaccines.

Genetic recombinant hepatitis B
Vaccines

The widespread use of plasma-derned
vaceines  was  cuttalded by relatively
expensive  production  costs and  un-
founded fear that resistant or unknhown
organisms ¢could escape  wmactivation
during the preparation of the plasma-
derived vaceme  Elaborate procedures
are necessary to purtly the vaceme, amd
thue-consuming tests must be pettormed
to ensure that the yacemne s free ftom

g7
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Table 1. Current approaches in the hepatitis vaccine production

Source Form Status
Plasma Subviral HBsAQ particles Licensed
Micelle
Polypeptide Investigational

Hepatoma celi hine
Recombinant plasmids
Yeast
E. coli

Mammahan cells
Recombinant viral
Vaccmia

Subviral HBsAg particles

Subviral HBsAg particles

Vaccinia vitus

Investigational

Licensed

Investigational

investigathonal

SV 40 in mammahan cells Subviral HBsAg particles

Synthetic Peptides
Anti-idiotypic
antibody Antibodres

Al

infectious hepatitis B and other blood-
borne pathogens such as human immu-
nodeficiency virus (HIV). The search

for alternative, non-human sources of
FHBsAg has led to the development of

recombinant DNA techniques to express
HBsAg in yeast cells’, from which the
antigen is then purified and formulated
\nto a vaccine .

Brietly, the genome of HBV is cloned
and isolated in £, coli and the gene
which codes for HBsAg 1s localized.
The 5 gene {(or Pre-S + S gene) frag-
ments are inserted into an expression
plasmid (Eg. pBR 322} and then intro-
duced into a heterologous host such as
veast (Saccharomyces cerevisige or
Hansennella polymorpha), mammalian
or insect cells. These cells permit an
adequate expression of the derived pro-
tein in fermentation cultures. HBsAg is
released from the cells by homogeniza-
tion or disruption with glass beads,
purified by clarification, ultrafiltration,
chromatography, ultracentrifugation and
then absorbed onto alum hydroxide,
after which thiomersal is added as a
nreservative,

Engerix-B, the first genetic recombi-
nant human vaccine, was produced by
SmithKline Beecham Biologicals and
launched commercially in June 1986.
Stnce February 1984 to June 1986, 145
trials have been initiated with 94 inves-
tigatars around the globe. Over 16,000
individuals of all ages in 80 countries
participated, receiving almost 50,000
doses of vaccine.

Randomized double-blind studies
were carried out to compare the reacto-
genicity and immunogenicity of yeast-
derived hepatitis B vaccine versus the
plasma-derived vaccines. The overall

998

Investigational

Investigational

L N

results showed that the side-effects were
usually mild and there were no signifi-
cant differences in adverse reaction in
between the study groups. Both the
vaccines were well-tolerated and highly
immunogenic. The  plasma-derived
vaccine elicited higher response of
anti-I1IBs geometric mean titre com-
pared to the genetic recombinant
vaccine' %"’

Table 1 summarizes the current ap-
proaches in hepatitis B recombinant
vaccines which are licensed; all the
other types are still in the investiga-
tional status,

Hepatitis B immunoglobulin
(HBIG)

Human plasma with measurable levels
of high-titred anti-HIBs upon purifica-
tion led to the development of HBIG
Immunoprophylaxis with HBIG 1s indi-
cated in (a) exposure to HBV-con-
taining material by percutaneous inocu-
lation, oral ingestion or direct mucous
membrane contact; (b) transient HBV
exposure through intimate contact with
the partners of acutely infected patients
and (c) foetal/neonatal exposure 1o
mothers with acute hepatitis B or HBV
healthy carrier status.

Immunization schedules

Active immunization: Hepatitis B
vaccination

The schedule of active immunization,
consisting of hepatitis B vaccination is
presented in Table 2.

L TR

Passive immunization: HBIG

HBIG 1s given as a means of post-
gxposure prophylaxis with BOB stan-
dard: 1:10,000 of anti-HBs at a dose of
0.5-0.7 mg/kg body weight under the
circumstances enumerated in the previ-
ous section,

Combined immunization

Administration of both hepatitis B vac-
cine and HBIG is indicated to infants
born to HBsAg-positive mothers who
could be suffering from acute hepatitis
B or could be healthy carriers of HBV.
The regimen is: (1) one 0.5 ml dose of
HBIG at birth within 24 hr, (2) three
20 mcg (1.0 ml) doses of the HB vac-
cine to be given as per the usual 0, 1, 6-
month schedule, with the first dose be-
ing given within one week of birth 1t is
shown that this strategy prevented 93%
of children from acquiring chronic HBV
carrier status from their mothers.

Impact of hepatitis B
vaccination

As per WHO report, March 1994, 72
countries of the globe have adopted
hepatitis B vaccine in their universal
programme of immunization. Such vig-
orous application of hepatitis B vacci-
nation to pediatric populations 1s
beginning to have a discernible impact
on hepatitis B in many countries by
preventing vertical/perinatal and hor-
zontal transmission of HBV as evi-
denced by the significant reduction in
HBV carrier status over a period of
time; the standard example being
Taiwan, where such an exercise has
brought down HBV carrier status from
18% to 8% from 1986 to 1993.
Unfortunately, strategies of vaccinat-
ing only high-risk populations have not
resulted in contro} of hepatitis B even in
some developed countries. The inci-
dence of reported hepatitis has been
increasing in the USA. The Centre for
Disease Control estimates that 12,000
health care workers are hospitalized,
with over 200 deaths due to liver can-
cer, cirrhosis and fulminant hepatitis'®.
Aggarwal and Naik'> while discussing
the appropriate strategy of hepatitis B
vaccination in India have worked out
the relative health advantage ot univer-
sal immunization policy over selective
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Table 2. Schedule of active immunization

Group

Initial 1 month 6 months
Younger children 0.5 mi 0.5 mi 05 mi
(birth to 10 years) (10 mcg)
Aduits and older 10ml 1.0 ml 1.0 ml
children (20 mcqg)
Dialysis patients and
rmmuno-compromised patients 2.0 ml* 2.0 mi 2.0 mi

*Two 1.0 mi doses given at dﬁfe;ent sites. Only intramuscul_érrroute; deifoid muscle
Is the preferred site. For infants and children injections are given on the anterolateral
aspect of thigh. Specific immunity lasts for at least 5 years. One booster dose is ad-

vised aiter 5 years.

immunization of high-risk groups. Uni-
versal immunization has a protective
efficacy of 92% and a carrier prevention
rate of 341 2/10,000 infants born, with a
cost of US$ 126 per carrier prevented.
On the other hand, selective immuniza-
tion policy would have a protective
etficacy of 12% and a carrier prevention
rate of 44 8/10.000 infants born, with a
cost of US$ 495 per carrier prevented.
[{fowever, the overall cost involved in
the 1mplementation of universal hepati-
tts B immunization in India would work
out to be much higher indeed. Our
country’s birth rate being 30 per 1000
population, the estimated number of
total live births per year is 25.5 million.
As the expenditure on immunization of
each child is estimated at US$ 4.3, the
total expenditure on HBV immunization
will be approximately US$ 110 milljon
or Rs 351 crores per year°. This may
appear to be a formidable sum but is
surely not impossible for the country to
mobilize, considering that our GNP
(1990-91) esumate is Rs. 468,426
crores per year °. The benefits of such a
policy are hikely to be apparent 1n about
three to four decades in the form of
markedly reduced numbers of patients
with chronic hver disease, hepatoceliu-
jar carcinoma and post-transfusion
hepautis, a lower cost of their medical
carc and an increased life expectancy of
our population'’. In the background of
this information, it has to be summarly
decided to nclude hepatiis B vaccine
in the expandced programme of immuni-
catton (LPH i India -

India has an extensive prunary health
care network including a good coverage
of vaccines under the LPI Because of
s flexible dose schedule, 1IBY vaccine
can castly be integrated with the exist-
g progranune, without requiring addi-
hhonal visgds Thus, the first dose can be
given with BCG, the second with the
Iirst dose  of  diphthera,  pertussis,

CURKLNT SCH NCE, VO

tetanus  (DPT/oral polio  vaccine
(OPV))"® or any other acceptable
schedule as decided by the national
health policy planners.

The cost factor involved in its imple-
mentation could be managed effectively
by going in for indigenous manufacture
of plasma-derived hepatitis B vaccine
until genetic recombinant technology
transfer materializes. Until such time,
the high-risk population of our country,
which includes medical, paramedical
and dental personnel, patients exposed
to blood and blood products and chii-
dren born to HBsAg-positive mothers
might have to be compulsorily vacci-
nated with immediate effect without
compromising on the cost involved.

Does it mean we have found an
answer for hepatitis B?

In spite of having one of the most suc-
cessful viral vaccines next to smallpox
vaccine, we are yet to conquer the dis-
ease hepatitis B and control its spread to
different populations the world over.
Three major hurdles have been recog-
nized to impede the finding of a com-
plete¢ answer to this global problem,.
They are:

(a) Profubitive cost of hepatitis B
vaccines. Lven though the current pric-
ing of hepatitis B vaccineg is too high for
the  developing and  underdeveloped
world to accommodate in their health
budget for inclusion under their EPI
programmes, cfforts are on for evolving
cost-effective vaccines In India both
governmental and private organizations
have started research and development
veuluies on mdigenous manulacture of
hepatitis 3 vaccines,  either  plasma-
derived or genetic recombimant 1y pes.
The plasma-detived hepatiis B3 vaccinges
g1e being attempted by M S, Univensity,
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Baroda, Bharath Immunological & Bi-
ologicals Ltd., Delhi, along with Dr
ALM PGIBMS, Madras University, and
Span Diagnostic Ltd, Surat. The genetic
recombinant type of hepatitis B vaccines
are being designed at NII and ICGEB,
New Delhi, Cadila Laboratories, Ah-
medabad, and Transgene Biotek Ltd,
Hyderabad. Hence, this problem could
be anticipated for an optimistic solution
in the near future.

(b) HBV mutants. Based on the se-
quencing of the entire HBV genome,
five genotypes have been identified but
all of these belong to one serotype.
There has been much interest recently 1n
genetic variants of HBV and their im-
pact on clinical disease and vaccine
efficacy'® "°.

(1) Precore/core mutants. Variants of
HBYV with specific mutations within the
precore and/or core region have been
identified, principally in the Mediterra-
nean region and Asia’>?'. These pre-
core/core mutants are thought to be
associated in some cases with fulminant
acute hepatitis and more severe chronic
hepatitis

(1) Vaccine-induced escape mutants. A
second type of HBV mutant virus con-
taining one or more mutations in the S-
gene encoding the envelope protein has
also been reported'. These S-gene mu-
tant viruses_have been thought to repre-
sent neutralization escape mutants of
HBV, since they have been recovered
from individuals actively or passively
immunized against the virus. The muta-
tions found 1n such mutants were lo-
cated in the reglon of the S-geng that ts
thought to encode the major group re-.
active epitopes involved in neutraliza-
tton of the virus. These and similar
variants of IHIBV have been tdentified in
North and South America, Europe, Asia
and Africa, usually in infants who de-
velop hepatitis B despite perinatal na-
munization or in chronwcally mfected
individuals receiving passtve tmmuno-
prophylaxis following otthotopic liver
transplantation. There i1s some lear that
the S-gene mutant viruses will replace
wild-type HBYV and pose a schous threat
to internationdal vacomation programinges
that utilize recombinant or  plasma-
derived vaceines against wild-type  vi-
rus. 1t s unhikely that currently recogs
ntzed S-gene matanis will pose major
public health problems, bul more ¢pi-
demiologic  mlormation 18 necessary
before a final evaluation can be made
Flowever, at iy mmore unportant not to let
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Table 3. Currently avarable treatment
modaiihes for hepatitis B

Antiyrrals Immunomodulators
Interferons Corticosterods
Adenosine

arabinoside Interieukin-2

Jidovudine ‘Pulse’ predmisoione
Suramin Gamma interteron (IFN)
Ribawinn Combination therapy
Ganciciovir iFN/Ara-A

Quinacnne IFN/Ara-AMP

Alpha IFN/Gamma {FN

{(+)-cyamdanot-3  Prednisolone/Ara-A

Thymosin Prednisolone/Ara-AMP

Dideoxy-

nucleosides/3Tc  Prednisolone/Ara-1FN

FIAV Acyclovir/iFN
Deoxyacyclovir/IFN

Predmisolone/acyclovir

the potential risk of future vaccination
problems stand in the way of vigorously
pursuing current  vaccination  pro-
crammes against the very real risk of
acute and chronic hepatiis B through-
out the world. Modifications of hepatitis
B vaccines can be achieved if it proves
necessary, but the impetus of the current
worldwide vaccination  programmes
must not be lost.

(¢} Therapy in acute and chronic
hepatitis B. Regardless of vaccination
programmes, nearly 370 million chronic
carrters of HBV exist in the world at
present and there is hitite to offer them
in terms of therapy. The currently avail-
able treatment modalities are listed in
Table 3. Of these, only alpha interferon
offers some hope in clearing 10-20%
HBsAg carriage and bringing about 30—
40% HBeAg seroconversion. However,
its prohibitive cost and profound toxic-
iy restricts its wider use. Traditional
systems of medicine have come up with
several trecatment approaches. The only
medicinal plant scientifically analysed
in this regard is Phyllanthus amarus. It
has been consistently shown to clear
HBsAg in 25% of HBV carriers and to
bring about HBeAg seroconversion to a
tune of 50% besides proving to be abso-

lutely safe without any observable side-
effects™.

e s

.

There is a pressing need for elfective
therapeutic regimens for the treatment
of HBV. It 1s unclear at this time
whether major advances will come from
the biochemistry of nucleoside ana-
logues and oligonucleotides, from the
immunology of the host’s B-cell and T-
cell responses, from a better understand-
ing of the molecular biotlogy of viral
replication, or from an as yei unrecog-
nized discipline.

Conclusion

The Daedalus myth is a metaphor for
all aspects of a scientific process.
Daedalus, a legendary figure of the
classical world, was a craftsman, tnven-
tor, architect and artist. He was also a
generator and solver of problems. Every
time a question was anpswered it raised
several more and these in turnt led to
other questions; his search was endless.
Daedalus repeatedly learned that even
the most ingenious solutions were nel-
ther flawless nor definitive.

The medical scientist will recognize a
familiar pattern tn the career of
Daedalus. When a hypothesis is tested it
generates others and when tested these
yield still more. Scientific research has
an infinite quahty; the more we know,
the more we know about what we do not
know, and this unknown must in turn be
understood. Each time a medical treat-
ment, diagnostic technique, or public
health measure 1s introduced, no matter
how effective it may be, it nearly always
raises other problems. All drugs have
undesirable side-ctfects; diagnostic pro-
cedures are rarely, if ever, entirely
specific or infinitely sensitive; and pub-
lic health measures often have medical,
social and even political consequences
that are difficult to foresee.

Research on the hepaltitis B virus is
an example!
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