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Prevention of hepatitis B infection: The appropriate
strategy for India
R. AGGARWAL, S. R. NAIK

ABSTRACT
Hepatitis B infection is a major global health problem with
a high morbidity and mortality. With safe and effective
vaccines available, it is now possible to prevent it. Many
countries have started national hepatitis B control prog-
rammes but no attempt has been made to do this in our
.country.
An analysis of the available data on the epidemiology of

hepatitis B infection in India reveals that perinatal materno-
foetal transmission accounts for only a minority of hepatitis
B virus carriers in India. Therefore, a policy of screening
pregnant mothers for the presence of hepatitis B surface
antigen and selective immunization of babies born to those
who are surface antigen positive will have very little effect
on the hepatitis B carrier rate in our population. Universal
immunization of all newborns will have a much greater
impact, it will be logistically simpler and more cost-
effective-the cost of preventing one hepatitis B carrier
being nearly one-fourth of that with selective immunization.
We recommend that hepatitis B vaccine should be included
in our country's expanded programme of immunization.
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INTRODUCnON
Hepatitis B virus (HBY) infection is a major public health
problem in India. In addition to acute hepatitis, infection
with this virus can lead to a carrier state with later development
of chronic hepatitis, cirrhosis of the liver and hepatocellular
carcinoma. All these diseases occur in young people and
are associated with a high economic burden on society- of
medical treatment and loss of trained manpower. It has been
estimated that nearly 30% of chronic HBY -infected subjects
ultimately die from sequelae of the infection. 1 Worldwide,
more than 2 billion people are infected with HBY and nearly
350 million are estimated to be chronic carriers.? Thus,
nearly 1 to 1.5 million people die annually from the con-
sequences of HBY infection making it the largest killer
among all infectious agents."

Prevention of this infection is possible with safe, highly
immunogenic and effective HBY vaccines which have been
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available for many years.v' Introduction of these vaccines
has convincingly reduced the prevalence of HBY in many
high endemicity countries. 5-7 However, their price has deterred
more widespread use. The cost of these vaccines can be
markedly reduced if they are manufactured in large quantities. 8

Impressed with the cost-effectiveness of these vaccines,
over 40 countries have already introduced HBY immuniza-
tion programmes covering their entire population and
several others have either initiated programmes covering a
part of their population or are in the process of planning
and implementing these.? The programmes fall in to two
broad categories: (i) universal immunization of all infants
irrespective of the maternal hepatitis B surface antigen
(HBsAg) status, or (ii) selective immunization of infants
born to HBsAg positive mothers. No programme has yet
been initiated in India, though selective immunization
of infants born to HBsAg positive mothers has been
recommended.S'" We examined the problem of HBY infec-
tion in India with a view to recommending the best course
for decreasing its prevalence. This analysis may be valid for
other countries with a similar epidemiological pattern of
HBY infection.

To address realistically the issue of HBY vaccination in
India, the following questions need to be answered:

1. How common is this infection in India and how often is
it responsible for morbidity and mortality?

2. If HBY infection is indeed a major problem, what are
the common modes of transmission?

3. Will HBY immunization prevent its transmission by
these routes? .

4. What would be the most cost-effective strategy-selective
or universal immunization?

5. Is it possible for us to implement the acceptable strat~gy?

HOW COMMON IS HBY INFECTION?
The prevalence of HBsAg carriers among voluntary blood
donors in different parts of the country has ranged from 2%
to 5% .11-14 However, blood bank data are known to
underestimate the prevalence of chronic HBY infection
because voluntary donor based data consider only healthy
adults and exclude persons with a history of hepatitis or any
other liver disease and those previously detected to be
HBsAg positive. Also, blood donors are not representative
of the various socio-economic groups of the community.

Similarly, HBsAg carrier rates in 'healthy' subjects vary
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widely.l3·IS-17Most such studies suffer from flaws in design
such as inclusion of 'volunteers' or 'healthy' subjects attend-
ing hospital for unrelated complaints, failure to obtain
representative samples from the community, lack of age and
sex standardization, small sample sizes and the use of
insensitive methods for the detection of HBsAg.

Since several studies have reported HBsAg prevalence
rates of 3% to 5%, a prevalence rate of 4% was assumed.
Thus, India with a population of 840 million (1991 census)
has approximately 34 million HBV carriers, constituting
nearly 10% of the entire HBV carrier pool in the world.

Indian data on HBV-related morbidity and mortality are
even more scarce. These suggest that HBV is responsible
for 49-68% of chronic liver disease'<'? and nearly 80%
of the hepatocellular carcinomas in our country. 19

Since nearly 30% of chronic HBV carriers die from one
of the sequelae of this infection I and nearly 4% of our adults
are HBV carriers, an estimated 1% of all deaths among
adults would be HBV-related.

The financial implications ofthe HBV carrier load in India
cannot be estimated for want of reliable data. At our institution,
a paying (though subsidized) public sector referral hospital,
most patients with chronic liver disease spend over Rs 10 000
in direct costs for treatment of various complications of this
disease between the time of diagnosis and death. To this,
we need to add the indirect costs (expenditure on transport,
loss of work, subsidy on medical care and social costs).

HOW DOES HBV SPREAD?
The source of HBV infection is invariably an infected
human, usually a chronic carrier, since acute infection has
a very short infective phase. The risk of chronicity varies
inversely with the age at which the infection occurs.?" Thus,
infants acquiring HBV infection become chronic carriers
frequently while adults usually clear the infection rapidly
with only 5-10% becoming chronic carriers. Children in the
age group of 1-6 years show an intermediate response with
approximately 25% becoming carriers; those above 6 years
of age have nearly the same risk as adults." Thus, for main-
tenance of an HBV carrier pool, infection in early childhood
is the most important epidemiological factor.

The best data on HBV transmission in infants is available
from a large study conducted in New Delhi.P In this study,
Nayak et al. found that 3.7% (322 of 8575) of pregnant
women attending the maternity services of two large hospitals
were HBsAg carriers. This HBV carrier rate is similar to
the data from studies on voluntary blood donors. Of the
HBsAg positive mothers, only 7.8% were hepatitis B e
antigen positive (HBeAg), a much lower rate than in other
Southeast Asian countries such as Taiwan. Further, 19% of
children born to HBsAg positive mothers became HBsAg
positive by the age of 6 months compared to only 3% of
those born to HBsAg negative mothers. Of these HBV-
infected infants, 75% and 50% respectively became chronic
carriers, while the others cleared the infection. After the
age of 6 months, the risk of acquiring fresh HBV infection
was similar in infants born to carrier and non-carrier
mothers. Looking at the relationship of HBeAg antigen
positivity in carrier mothers with the risk of transmission of
infection, it was found that HBeAg positive mothers trans-
mitted the infection to 88% of their infants compared to
17% of those with anti-HBe and 9.6% of those who did not
have either HBeAg or anti-HBe.
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Applying these data to a cohort of 10 000 pregnant women
giving live births, 370 mothers would be expected to be
HBsAg carriers and 9630 non-carriers. Applying the HBV
transmission rates and chronicity rates observed by Nayak
et al.22 to a cohort of 10 000 infants (ignoring multiple
pregnancies for the sake of convenience), show that 196
infants may be expected to become HBV carriers by the
age of one year (Fig. 1). Of these, only a minority (52)
would be born to HBsAg positive mothers (probable
perinatal or vertical transmission) and 144 to the HBsAg
negative mothers (horizontal transmission). Assuming
an epidemiological equilibrium, one would expect that
ultimately 370 of the total cohort of 10 000 infants will
become carriers as they grow into adulthood. The remaining
174 (370 minus 196) carriers would thus be expected to
acquire infection after 12 months of age (horizontal trans-
mission). Since, beyond this age, the risk of infection does
not depend on the maternal HBsAg status, the 174 carrier
children so infected would be proportionately distributed
among infants born to HBV carrier and non-carrier mothers
(Fig. 2); this implies that only 6 of them would have been
born to HBsAg carrier mothers and 168 to non-carrier
mothers.

Thus, based upon existing data, of the 370 carriers in a
population cohort of 10 000 persons, 318 (86%) would be
attributable \0 horizontal transmission and 52 (14%) to
vertical transmission (Fig. 2). Also, of the 370 carriers,
58 (16%) would have been born to HBsAg positive mothers
and 312 (84%) to HBsAg negative mothers. This implies
that transmission of HBV infection in India follows a pattern
similar to that seen in Africa and the Middle East-' than
that seen in Southeast Asia. These differences may have
an important bearing on the decision about the most
appropriate strategy for the prevention of HBV infection.

A cohort of 10,000 pregMnt mothers

HBlAg poSlUwe (3.7%)
(n,. 370)

H•••• g negative (96.3%1
(n = 9630)

TransmiSSion rate

Risk of chronicity

, .
,,% 3.'"....

Number of HBY carrier Chlkhn
by one year of age

ToUII number of HBV can1er
chlktten by one ,.. of •

FIG I. Number of children becoming carriers by the age of one

Cohort •• 10,000 newborns
Number who will become carrier '" 370 (3.7%)

FIG 2. Number of children becoming carriers
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WILL VACCINATION PREVENT HBV INFECTION?

Efficacy
The efficacy of HBV vaccines depends on the temporal
relationship between their administration and the trans-
mission of infection. In general, these vaccines have very
high efficacy rates exceeding 95% when administered before
exposure to HBV.24 However, when administered after
exposure (e.g. infants born to mothers positive for both
HBsAg and HBeAg), the efficacy is only around 75%,
though in some studies efficacy rates of upto 91% have been
achieved with the vaccine alone.> In this setting, the first
dose needs to be administered within the first week after
birth. Although concomitant administration of specific
hepatitis B immune globulin (HBIG) improves the efficacy
to around 95%, its high cost is prohibitive. Since horizontal
transmission is the dominant mode of transmission of HBV
infection in our country, HBV vaccine alone should be
adequate for interrupting the transmission cycle. Further,
the dominance of this mode of transmission implies that
immediate immunization at birth is not essential-' and
the first injection can be delayed until one month of age.

Duration of protection
The duration of protection after the conventional three doses
of HBV vaccine may also need to be considered before
deciding about the need for booster doses. Achievement of
an anti-HBs concentration of over 100 lUlL or higher is
considered to be successful vaccination. These antibody
levels decline in an exponential manner= from the peak
concentration achieved soon after immunization and can be
expected to fall below the protective level (10 lUlL) in five
years. However, several long term follow up studies of HBV
vaccinees have shown that though HBV infection, as
detected by the appearance of anti-HBc antibody, does occur
when anti-HBs levels fall below this cut-off level, it does
not lead to clinical illness or the carrier state.7.27-31 It is
conceivable that immunological memory due to vaccination
leads to a quick secondary immune response and contain-
ment of the infective process. These studies strongly suggest
that booster doses may not be necessary as a public health
measure, an important point for planning long term vaccina-
tion strategy.

COST-EFFECTIVE: UNIVERSAL OR SELECTIVE
IMMUNIZATION
There has been some debate among Indian hepatologists on
whether we should adopt universal or selective immunization
in India. Universal immunization refers to mass immuniza-
tion of infants irrespective of the serological status of the
mother while selective immunization implies identification
of HBsAg-carrier mothers and selectively immunizing
infants born to them. To decide which of the two strategies
will be more appropriate for our country, one needs to take
into account the efficacy, cost and logistic problems of each
of these policies of vaccine administration.

Efficacy
Figure 3 shows the likely effects of adoption of a selective
immunization policy. The use of this strategy will reduce
the risk of the carrier state only among infants born to
HBsAg-carrier mothers and not in those born to non-carrier
mothers. Thus selective immunization can be expected to
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lower the HBV carrier rate only marginally (by 12%). On
the other hand, universal immunization (Fig. 4) may be
expected to reduce the carrier rate by as much as 92%.
Thus, the former policy is unlikely to make a major dent
in the HBV problem, while universal immunization will
drastically cut down the HBV transmission rate. It will,
in fact, achieve a reduction in carrier rate larger than that
estimated above because of the effect of herd immunity on
transmission of infection. 32

For universal immunization, the major material inputs
required are the cost of the vaccine and that of its adminis-
tration. The vaccine is costly; however, it has been estimated
that using currently available technology, serum derived

, 8
vaccine can be produced at a price of US$ 0.7 per dose.
Internationally, it has been estimated that this component
should not exceed US$ 1.3 per infant." India has a well
established Expanded Programme of Immunization (EPI)
in place and the cost of administration should not be very
high. Thus, even with a vaccine cost of US$ 1.0 per dose.?
the cost for a cohort of infants born to 10 000 mothers will
be US$ 43 000 (Table I).

On the other hand, the cost of a selective immunization
programme will include (i) the cost of collection of a blood
sample from each pregnant mother, transporting it to a
central laboratory, testing it for HBsAg and conveying the
test result to the field (assumed as a total of US$ 2.0 per
pregnant mother), and (ii) the cost of vaccine administration
to the infants born to HBsAg positive mothers (US$ 8.6 for
each of the 370 such mothers). For selective immunization,
the cost per infant has been assumed to be double that for

Remaining earners per 10,000 children born &: 12.8 + 0.3 + 144.2. + 167.6 •• 325.2
Eftlcacy of Ul«tW.ltnmunlutlon. (37O-32S.2)I310 •• 12.1%

FIG 3. Effect of selective immunization on HBsAg carrier rate

Remaining earrlen per 10,000 children born •• 12..t .• 0.3 + 7.2 + 8.3 •• 28.7
Efficacy of un/nfMllmmunization •• (37~28.7)r.110 z 92.3%

FIG 4. Effect of universal immunization on HBsAg carrier rate
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universal immunization since, with this policy, economies
of scale cannot be achieved. Thus, the cost of a selective
immunization programme for the same cohort of 10 000
mothers will be US$ 22182 (Table I).

Logistical problems
A universal immunization policy only requires the availability
of a mature vaccine delivery system. Selective immunization
will also require a system for collection, processing, storage
and transport to a laboratory of maternal blood samples for
HBsAg analysis and for transmitting the test results to field
workers expeditiously to facilitate a decision to vaccinate or
otherwise. All these steps together may be difficult under-
takings in a vast country such as ours. Further, the latter
policy may lead to social problems for carrier women and
their families due to identification of their HBsAg status.
Thus, a policy of universal hepatitis B immunization will be
administratively simpler.

Cost-effectiveness
Though the universal immunization policy is twice as costly
as selective immunization, the number of carriers prevented
is eight times larger (Table II). Thus, the cost of preventing
the carrier state in one person is much lower for a universal
immunization programme (US$ 126) than that for selective
immunization (US$ 495).

CAN WE 00 IT?
Schedule
India has an extensive primary health care network including
a good coverage under the EPI. Because of its flexible dose
schedule, HEV vaccine can be easily integrated with the
existing programme, without requiring additional visits.
Thus, the first dose can be given with BCG, the second
with the first dose of diphtheria, pertussis, tetanus (OPT)I
oral polio vaccine (OPV) and the third dose with the third

TABLEI. Cost comparison of universal and selective immuni-
zation in a cohort of 10 000 mothers and their live born infants

Item Immunization policy
Universal Selective

Cost of maternal testing (US$ 2.0 per mother)
Vaccine cost for 3doses (US$ 1.0 per dose)
Cost of vaccine delivery (US$ 1.3 per dose)

Total (US$)

o
30000
13000

43000

20000
2220'
962'

23182

, Cost of vaccine and its administration have been calculated for 370 infants
(maternal HBsAg carrier rate of 3.7%) and using cost estimate per infant double
that for universal immunization

TABLEII. Comparison of cost-effectiveness of universal and
selective immunization in an Indian population

Item Immunization policy
Universal Selective

Protective efficacy
Number of carriers prevented among

every 10000 infants born
Cost (US$)
Cost per carrier prevented (US$)

92%
341.2

12%
44.8

43000
126

22182
495
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dose of OPT/OPV. Alternatively, these may be given at the
time of the first and second doses of OPT/OPV. Coursaget
and colleagues= have shown that other EPI vaccines do
not interfere with the immune response to the HBV vaccine,
and conversely, the HBV vaccine does not interfere with
the immune response to BCG, OPT, polio and the measles
antigens. In fact, use of a multivalent vaccine containing
both the HBsAg and the three OPT antigens appears
promising.

In infants born to HBsAg positive mothers, the vaccine
should ideally be administered soon after birth. Providing
this however appears difficult given the current immuniza-
tion structure. Thus a policy of providing universal HBV
immunization as soon after birth as possible, but always
within the first month, may be a practical, albeit a slightly
less effective, alternative.

Cold chain
The vaccine is stable at 2-8°C for many years and thus may
be handled in the same way as the OPT vaccine. In fact, it
has been shown that the vaccine retains its potency at 37°C
for 7 months and at 45°C for 3 months." Use of multiple
dose vials should be feasible and should obviate the need
for additional storage sp~ce.

Equipment and manpower
HBV vaccine injections are given in a manner similar to
that for OPT, and thus, there is no need for any new equip-
ment or of fresh manpower training.

Cost
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 HBVimmuni-
zation will be approximately US$ 110 million or Rs 351 crore
per year. This may appear a formidable sum but is surely
not impossible for us to mobilize, considering that our GNP
(1990-91 estimates) is Rs 468426 crores per year. 35 The
benefits of such a policy are likely to be apparent in about
three to four decades in the form of markedly reduced
numbers of patients with chronic liver disease, hepato-
cellular carcinoma and post-transfusion hepatitis, a lower
cost of their medical care and an increased life expectancy
of our population.

CONCLUSION
It is important to control infections such as' hepatitis B for
which there are highly effective vaccines. It is however
regrettable that in spite of such vaccines having been avail-
able for nearly a decade, we have not evolved an effective
vaccination strategy. We hope that this article will create
an awareness about the need for an HBV vaccination
strategy, will initiate a debate in this important area and,
finally, lead to evolution of an effective strategy to combat
this serious infection in our population.
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