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Immunization against rabies
S. N. MADHUSUDANA, P. AGGARWAL, K. K. TRIPATHI

INTRODucnON
Rabies has plagued mankind since ancient times and
continues to be an important zoonotic disease in most of
the developing world.l-? In India, every year around
25 000 persons die of rabies and about 500 000 receive
antirabies vaccines.l Effective post-exposure prophylaxis
forms one of the mainstays in prevention and control
of the disease. Since the landmark discovery of post-
exposure vaccination by Louis Pasteur 100 years ago,
there have been considerable efforts to improve the safety
and efficacy of rabies vaccines." Another important
achievement, twenty-six years ago, by Wiktor et al. 5

was the development of a cell culture rabies vaccine for
human use employing the human diploid cell WI-38 as a
substrate. Since then many other cell substrates have
been used for vaccine production. 6 Efforts have also been
directed towards the development of subunir'-" and
recombinant vaccines.P-'? Simultaneous improvements
have taken place in passive immunization with the develop-
ment of human rabies immune globulin (HRIG).11,12
Research has also been directed towards the development
of cost-effective abbreviated regimens using expensive
tissue culture vaccines.13,14 We review here human
immunization against rabies emphasizing recent trends.

NEURAL TISSUE VACCINES
The traditional and improved vaccines derived from the
neural tissue of animals continue to be the mainstay for
rabies prophylaxis in developing countries.

Conventional vaccines
More than a century ago Louis Pasteur demonstrated that
the rabies virus could be attenuated by serial passage in
the rabbit brain. On 6 July 1885 the first human was
treated by giving 13 consecutive and increasingly virulent
doses of a dessicated spinal cord suspension from a rabid
animal. The boy, Joseph Meister, survived.l' Pasteur's
crude vaccine was later modified by Fermi" and Sample'?
by inactivating the virus with phenol. Sir David Sample,
the first Director of the Central Research Institute,
Kasauli, modified this vaccine further by culturing the
virus in sheep brain and using a 5% suspension inactivated
with phenol or beta-propiolactone (BPL). About 40million
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millilitres of this vaccine is produced annually in twelve
centres" in India.

Suckling mouse brain vaccine
The major drawback of the Sample vaccine is the risk of
developing neuropsychiatric complications which might
be fatal. The reaction incidence varies from 1:60019 to
1:12000.20 Encephalomyelitis associated with neural
tissue vaccines is due to sensitization by the myelin basic
protein.s' In order to reduce the myelin content in the
vaccine and to improve the antigenicity, Fuenzalida and
Palacios developed the suckling mouse brain vaccine. 22
The original Chilean vaccine consisted of a 1% suspension
of infected suckling mouse brain inactivated by ultraviolet
rays.

Several modifications were introduced and presently
immature animal brains are regarded to be safer than adult
sheep brain for preparing neural tissue vaccines. These
vaccines are widely used in Latin America. The WHO
recommends 14 daily doses of these vaccines followed by
two booster doses 10 and 20 days after the primary series.P

DUCK EMBRYO VACCINE
Another approach towards reduction of neuroparalytic
reactions was the development of a duck embryo vaccine
(DEV) during the 1950s by Peck et al.24The minimal post-
exposure treatment consisted of 14 daily doses followed
by three boosters given subcutaneously. Though the
DEV was widely used for 27 years in the USA and other
countries, it was poorly immunogenic and was often
associated with local and systemic allergic reactions.P By
1971, the production and promotion of DEV gradually
ceased." This vaccine was never introduced into India.

NEW GENERATION VACCINES
Though vaccines derived from neural tissue and duck
embryo played an important role in rabies prophylaxis,
there was still a need to develop a vaccine that could
produce protective levels of antibodies in small doses.
Kissling and Reese in 1963 first developed a vaccine from
fixed rabies virus grown in cell cultures which was
effective in experimental animals.P Many other cell
culture vaccines for use in animals-? were developed
followed by those for humans.

HUMAN DIPLOID CELL STRAIN VACCINE
Wiktor et al. developed' a human diploid cell strain
vaccine (HDCSV) for human use by successfully adapting
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the Pitman-Moore strain of rabies fixed virus in WI-38
cells. This new vaccine which is effective and has minor
side-effects=-" was licensed in 1974 and its commercial
production commenced in 1978 at the Institut Merieux,
France." In one case a Guillian-Barre type of syndrome
has been reported after administration of the booster
dose." In India, this vaccine is imported from Institut
Merieux and marketed by the Serum Institute of India,
Pune. The WH023 recommended dosage schedule is: 1ml
of vaccine given subcutaneously or intramuscularly on
days 0,3,7, 14,30 and 90.

PURIFIED CHICK EMBRYO CELL VACCINE
This primary cell culture vaccine was developed by Barth
et al.32 by adapting the Flury LEP strain of rabies fixed
virus to chick embryo fibroblasts. Several studies have
demonstrated the efficacy of purified chick embryo cell
vaccine (PCECV). 33-35This vaccine is being imported and
manufactured in India by Hoechst. The dose schedule is
similar to that of HDCSV. Comparative studies have
shown that the antibody titres achieved with HDCSV are
higher than those with PCECV35but the adverse reactions
are less.

OTHER PRIMARY CELL CULTURE VACCINES
The past few years have witnessed the release of a new
generation of purified vaccines which are more effective
than HDCSV. These include:
1. Primary foetal bovine kidney cell vaccine (FBKCV)36
2. Purified duck embryo cell vaccine (PDECV)37
3. Primary hamster kidney cell vaccine=-'?
4. Primary dog kidney cell vaccine'?

All these vaccines produced in primary cell cultures
are highly antigenic but are expensive for developing
countries.s

VACCINES PRODUCED IN CONTINUOUS
CELL LINES
The production of inactivated rabies vaccine by using
primary cell lines like HDCS is costly mainly because the
media used to maintain these cells are expensive. The virus
yield is also not high and necessitates several steps for
concentration.' Rabies virus is easily grown in several
continuous cell lines like BHK 21 and Vero, with good
titres." However, the use of continuous cell lines for
vaccine production is not without risk as the substrate
DNA and transforming proteins that may be present in
the final product may induce malignancy or cause genetic
alterations in the vaccine. 42Some continuous cell lines are
potentially tumorigenic" and vaccines produced from
these cells for human use have to be approved with cir-
cumspection. Rabies vaccine produced in BHK 21 cell
lines are licensed for animal use. The WHO has approved
the use of Vero cells for human viral vaccines provided the
final product does not contain more than 100pg of cellular
DNA per human dose.S In recent years considerable
progress has been made in the scaled-up production oflow
cost Vero cell lines using microcarriers in bioreactors."
The purified Vero cell rabies vaccine (PVR V) produced
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by the Institut Merieux for human use has been found to
be highly antigenic, has.few side-effects" and several field
studies have confirmed its efficacy. 44,45The Merieux
PVRV has an antibody response similar to that of HDCSV
and is about half its cost. 44The Pasteur Institute of India
in Coonoor, Tamil Nadu has plans to produce PVRV for
human use.

SUBUNIT AND RECOMBINANT VACCINES
The major protective antigen, producing neutralizing
antibodies for conferring immunity against lethal infec-
tion with rabies virus, is the rabies glycoprotein.w-'?
Attempts have been made to prepare vaccines consisting
of this purified glycoprotein. It is either chemically
purified" or expressed in another vector by the recombinant
DNA technique.w'? The results of Blancou et al., and
scientists at the Transgene and Merieux-IFFA laboratories
suggest that a new live recombinant vaccinia virus rabies
vaccine may soon be available.P The vaccine has already
been used in the control of wildlife rabies.P However, it is
presently limited to experimental research as it is expen-
sive and the methodology sophisticated.

PASSIVE IMMUNIZATION
Rabies is the only infection of man where active immuni-
zation is started after exposure to the virus. Advantage is
taken of the long incubation period of the disease to
induce protective antibodies. Although the mechanisms
of protection following vaccination remain largely
unclear, it is understood that both humoral and cellular
immune responses are induced after vaccination. 51A high
level of neutralizing antibodies in the sera of vaccinated
animals and humans can protect them from lethal infec-
tion."? Since antibody production takes at least 7-10 days
to become effective for virus neutralization, this time
interval after exposure is covered by passive immuniza-
tion with rabies immune globulin. The combined serum-
vaccine therapy is always recommended in exposed
persons.P Purified equine rabies immune globulin
(ERI G), which occasionally causes adverse reactions, is
used in most developing countries. Human rabies immune
globulin (HRIG), produced in 1971,11was improved for
scaled-up production at the Institut Merieux with clinical
trials.P HRIG is produced by the Serum Institute of
India, Pune but it is too expensive for widespread use.
Enzyme refined and purified ERIG, manufactured at the
Central Research Institute, Kasauli, continues to be
important for passive immunization and has been found
to be safe with minimal adverse reactions.V ERIG is
administered in a dose of 40 IU/kg body weight while
HRIG is administered in a dose of 20 IU/kg body weight
to all persons with severe exposure if treatment is started
within 7 days.P

LOW COST VACCINE REGIMENS
Though presently available cell culture rabies vaccines are
potent and safe, they are expensive. The efficacy of these
vaccines in low doses given by the intradermal route has
been established.13,14,53,5~It reduces the cost of therapy
to about one-fourth and ipduces protective levels of
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neutralizing antibodies earlier than the intramuscular
injections. 14 This abbreviated, inexpensive regimen
is likely to gain increasing acceptance in developing
countries. Some workers have also reported a 2-1-1

.vaccine regimen55,56 which consists of intramuscular
administration of 2 doses of a vaccine on day 0 and one'
dose of vaccine on days 7 and 21. However, the efficacy of
this schedule is yet to be established in post-exposure
therapy. The.multisite intradermal regimen used in post-
exposure treatment of patients by US14 also seems a
feasible, low-cost regimen but needs further evaluation.

PRE-EXPOSURE IMMUNIZATION
Pre-exposure immunization with cell culture rabies
vaccines is indicated for veterinarians, trappers, animal
handlers, wildlife personnel and staff in laboratories
studying rabies. The WHO recomrnends-' three injec-
tions of a tissue culture vaccine on days 0, 7 and 28 with
one booster every year. Recent publications have also
recommended pre-exposure immunization with a tissue
culture vaccine for people living in rabies endemic
areas.23,57,58 In such populations a basal level of neutraliz-
ing antibodies should be maintained, boosted by 1 or
2 doses of vaccine, to achieve protective levels. Intradermal
doses of0.1 ml on days 0, 7 and 28 also elicit protective
levels of antibody (0.5 IU/ml)14 and may prove to be of
considerable value in such situations.

INTERFERON
During the first week of immunization, before the cellular
or humoral immune response is established, interferon
plays ~nimportant role in the neutralization of the rabies
virus.t? Interferon induction in protective activity of
rabies vaccines has also been shown experimentally.t"
Interferon inducers such as polyinosinic-polycytidylic
acid have also been shown to be effective in preventing
rabies in experimental animals.s' Unfortunately, the
new generation vaccines induce little or no interferon,
exogenous interferon is too expensive for general clinical
use and interferon inducers are toxic to humans.P

TREATMENT OF RABIES
Until recently rabies was regarded by most experts to be a
fatal disease. More than a dozen reports of recovery from
rabies had appeared before 1970 but in none had the
diagnosis been adequately confirmed.P Interest in the
management and treatment of confirmed cases of rabies
has been rekindled in recent years and an increasing
number of patients are being treated in intensive care
units. The general belief is that, if the respiratory compli-
cations resulting from paralysis and coma are prevented
and the patient kept alive for some time, the encephalitis
might resolve spontaneously. Some reports of recovery
from rabies are now emerging.64,65 Many types of treat-
ments have been tried but none has proved consistently
effective. Once the virus has reached the central nervous
system, vaccines for active immunization are ineffective
because antibodies fail to clear the virus. Antiviral drugs
found to be effective in vitro have not been found to be
useful in preventing the disease in animals or humans.
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Presently, supportive treatment in an intensive care unit
remains the only method to prolong the life of a patient
with rabies.P

CONCLUSIONS
Rabies continues to challenge clinicians, epidemiologists
and virologists all over the world. However, the develop-
ment of more effective and safe antirabies vaccines and
immune globulin along with a better understanding of the
biology of the virus and ecological aspects of wildlife and
uroan rabies have helped in controlling the disease.
Certain countries have successfully eradicated human
rabies and controlled sylvatic rabies. It is time health
authorities in India paid more attention to this dreaded
disease and initiated effective measures for its control.
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