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PROTECTION OF MAN AGAINST RABIES AFTER EXPOSURE PAST
HISTORY — PRESENT STATE AND TEHE FUTURE OUTLOOK

M. Bahmanvar (*) /

ABSRACT

After a period of at least 2000 vears that rabies existed on earth and
its clinical symptoms were clearly defined, even before Christ, the first basic
and precise knowledge about this fatal disease of man and animals was advo-
cated by Zinke in 1804. The discovery of the domesticated rabbit as a con-
venient laboratory animal for the study and the diagnosis of the disease by
Galtier in 1879 and the outstanding finding by Roux in 1881 concerning the
neurotropism of the agent of the disease and the intracerebral route of inocu-
lation by which prompt transmission could be established, paved the way .
for Pasteur and his colleagues for their world-known discovery of protecting
animals and man against this disease.

The vaccine produced and administered by Pasteur himself and numer-
ous other types of vaccines always prepared with the same Pasteur’s historical
and modified virus which he named “fixed virus” were endeavours in the
way of improving the safety and the antigenicity of the products to fight a
hundred per cent fatal illness.

The evolution of these efforts during the past 90 years, since Pasteur’s
first attempt to protect an exposed individual against rabies crowned by out-

standing and very promising results are discussed.

INTRODUCTION

Among all infectious discases, rabies has been and still is, to some ex-

tent, one of the most complicated and challenging public health problems of
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used extensively for immunization of cattle and even man with encouraging
results.

As can be casily gathered, endeavour to promote the antigenicity of
antirabies vaccine and to preduce safer products aiming at a prompt and de-
pendable protection of the exposed individuals started right from the vary day
when Pasteur immunized the first exposed huran being in 1885. It must be
mentioned here that Pasteur himself, after observing several failures in his
attempt to protect the exposed persons during 2 few years that he administered
his procedure before his death, must have accepted that his method was not
ideal and therefore he urged his colleagues to investigate and improve the pro-
cedure initiated by him.  Accumulated data resulting from the application of
Pasteur’s classical procedure or other modified methods with various dosage and
types of vaccines, mostly brain tissue preparations, over a period of sixty years
with about 40 million cases receiving such treatment created doubts as to the
safety and the protective value of the vaccines currently used. Post vaceinal
paralytic accidents due to the use of nerve tissue vaccines ranging from one in
a thousand to one in ten thousand treated persons was a serious problem and
could not be overlooked, Treatment failures among exposed and promtply vac-
cinated individuals was the second but the most seriously considered problen.

Unsucceessful attempts to protect exposed individuals by the conventional
post-exposure treatment with vaccines were sporadically reported from all over
the world, The extent and the ratio of treatment failure was unfortunately
overshadowed with misleading statistics issued from the treatment centers. Thus
a correct assessment of the protective value of the post-exposure treatment n
nn was not available,

Finally Baltazard and Ghodssit18) (1953) disregarding the usual statisti-
cal evaluation of the efficacy of antirabics vaccination, whereby ali of the
treated cases were erroneously considered as exposed, assessed the protective
value of the post-exposure treatment only in those cases who were definitely
exposed to rabies virus (bitten by a confirmed rabid wolf and not any biting
wolf).  According to their findings 25 per cent of the total number of cxposed
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and treated individuais dev LIU[JLU rabices. Whin uun the
sures to rabid woll bite was considered the fatality rate among the treated cases
reached 42 per cent.  Comparing these mortality rates (the so called treatment
failure with 47 per cent fatality in groups of individuals with similar severity of
exposure but untreated) the authors announced that the result of the post-expo-
sure immunization with vaceine in severely expesed individuals was disastrous.
Dependable and prompt remedy to cope with such a discouraging situation was
sought. The WHO Expert Committee(19) on Rabies, during its first session
(April 1950), already aware of the inadequacy of the available means to protect
severe exposures, proposed the use of a combined serum-vaccine treatment in
such cases. A well planned schedule for a field trial, reflected in the rport of
the same Committee was suggested and its execution was entrusted to the Pas-
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man. Complicated hecause i contrast to all other known infectious discases,
attempts to provide protection against it is usuaily initiated after an individual
1s already exposed, expecting solid protection against a hundred per cent fatal
illness.  Challenging, because with no specific cure once the disease is estab-
lished, it almost invariably ends in death.

Past history. - There s no way to determine for sure as at what era the
causative agent of rabies was born on earth. There s also no doubt that the
disease in man and animals existed and was clearly defined by Egyptians,
Greeks and Romans some 2500 vears ago.  Democritus (1) (300 B.C)), Aris-
totle (2) (320 B.C.) described the disease in dogs. Celsus {3) (100 AD) as a
means to protect man against this {atal illness, recommended cauterization of
wounds inflicted by mad dogs. Galen prefered amputation of the wound
zones. These or other similar attempts o protect man clearly demonstrate
that the relation of the bite wounds and the infectivity of the saliva were
suspecte about 2000 vears ago. On the other hand the overwhelming majority
of people during that era could only accept supzrnatural causes for the estab-
lishment of a disease which struck, both animals and man suddenly and without
understandable reason. It is very interesting and discouraging at the same
time to know that similar concept stilt reigns among many people in the world
until this day and constitutes one of the major public health problems in
providing adequate and prompt protection to miany exposed individuals. Peo-
ple with this beliel reject modern and dependable means of protection and
accept elaborations by professtonal sorcerers and magicians who claim to avert
the disease.

The present state, — The first step in basie and correct understanding
of rabies was taken by Zinke (4), who as early as 1804 demonstrated the in-
fectivity of the saliva of a rabid dog by establishing the disease in a healthy
dog inoculated with the suspeet saliva.  The intreduction of the domesticated
rahbit as a convenient laboratory anival, for both diagnosis and study of rabies
by Gatltier {5, 6} (1879) and the discovery by Roux (7) (1881) that the infective
agent of the disease could be readily recovered from the brain of rabid animals
followed by the outstanding f{inding of the intracerebral transmission by
Roux (8) paved the way for L. Pasteur for a detailed study of the behaviour
of the specific agent of the discase which he could maintain in the lahoratory
by serial passages from brainto brain in rabbits,

Continuous efforts of Pasteur and his colleagues to visualize the causa-
tive agent of rabies or to propagate it in artificial media remained unsuccessful.
Once they were determined that the agent was not a bacteria they called it

“virus”, meaningpoison in Latin, As a confirmation of this concept it was
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demonstrated Jater that the agent could pass through Berkfleld filter.

The maintenance of the rabies virus by serial passages in rabbits re-
sulted in modifications in the behaviour of the agent. Pasteur and his collea-
gues became aware of these changes. According to their prompt observations
the incubation period of the disease in experimental rabbits had become shorter
and it had lost its pathogenicity for large animals when inoculated by routes
other than the brain. A third and the most outstanding characteristic of the
modified virus clucidated by Pasteur et al. in 1884 (8) was the {act that the
strain of virus maintained in the laboratory though non-pathogenic by the
muscular or subcutancous routes was immunogenic.  Dogs and other animals
previously inoculated with this modified straie of virus demonstrated protec-
tion against a subsequent challenge with the pathogenic natural virus, the
so-called “street virus™.

With the encouraging results in animals and his previous experiences
in transforming pathogenic chicken-cholera agent into immunizing material
against the disease by simply aging the cultures of the organism at room tem-
perature, Pasteur seized the idea of protecting exposed individuals against
rabies, by the administration of his medified strain which he called “fixed
virus” to distinguish it from the natural or the street virus. Te further mini-
mize the possible danger of the administration of this modilied virus in man
he attenuated it by aging and dessication of the harvested spinal cords of rab-
bits inoculated with the lixed virus

Finally the day came when in July 1883 {almost 90 years ago), the first
human heing severely wounded by a suspected rabid dog, received the prepa-
ration of Pasteur {9), consisting of the emulsified 14 days old rabbit spinal cord
affected with his modified virus. The exposed individual was inoculated with
13 more daily incculations of gradually less attenuated material, so that on
the final day of the treatment, almost fresh and non-attenuated fixed virus was
ased.  'This was the lirst attempt in protecting man against rabies by immuniz-
ing him with gradually increasing amounts of a modified but live virus. Joseph
Meister, the voung boy, who was thus treated by Pasteur, survived. - Thus the
procedure of Pasteur was wmversally accepted and many individuals exposed
to suspect bite wounds were taken to Pasteur or to other treatment centers,
which were established later in other countries, to save their lives by Pasteur’s
procedure.

Joseph Meister was indeed severely wounded by a suspect dog, T use
the word suspect instead of rabid; because in documents left from Pasteur and
his colleague, concerning the biting dog, the clinical symptoms related to
rabyies disease in carnivores were observed but paradoxally, attempts for labo-
ratory confirmation of the disease, in that animal, was not made. Thus, there
is no way to clucidate whether the dog whiclh wounded Joseph Meister was
really abid or not.  But we can tell, for sure, that not every biting dog is rabid,
also not every rabid dog has virus in its saliva, and more important than all,
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not every individual bitten by a rabit animal having rabies virus in its saliva,
will develop rabies, if left without any specific antirabies treatment whatsoever.
These are the facts that made the assessment of the protective value of Pasteur’s
vaccine almost impossible.  One must also recall that, free from any prejudice
in his scientific career, Pasteur himsel{ observed and declared several unsuccess-
ful attempts in protecting exposed individuals by his procedure during the few
years, that he lived after his discovery. Therefore, being aware ol the unreliable
protective value of Pasteur’s vaccine, attempts to improve the antigenicity of
and the availability of adequate quantities of a potent vaccine to treat any
number of exposed individuals, arriving at any time, were initiated,

Two years after the first attempt to immunize man with the modified
virus, Roux (10} (1887) demonstrated, that the infectivity of tissues containing
rabies virus, could be maintained by preservation in glycerol. In a first step
to render Pasteur's procedure more practical, Calmette (1891)(11) employing
Roux’s finding, maintained, ready for administration in man, rabbit cords of
varid infectivity by preserving them in glyvcerol. Fermi(12) (1908) was the
first to employ phenol in the production of vaccine. Suspensions of fixed virus,
treated with phenol were kept at room temperature (22°C) for a few days, then
kept at lower temperature prior to administration. Fermi's finding provided
time and possibility for bacteriological contro! of the material to beused in
man. This was a partially inactivated and partially live virus vaccine.

Sample (13} {1919) demonstrated that Fermi type vaccine could be totally
inactivated but still retain its antigenicity by incubating the phenol treated sus-
pensions at 37°C {or 48-72 hours, This was supposed to be a totally killed
vaceine.

‘The Ultraviolet light treated rabies fixed virus suspensions for the pro-
duction of a killed vaccine was a distinet advance made by Hodes et al.(14)
(1940). Klinger and Bernkof(15) introduced the multiplication of rabies virus
in the the chick embryo. Later on, Johnson{(16) produced a variety of rabies
{ixed, virus, by serial passage of a street virus strain, in one day old chicks. He
demonstrated that atfer [00 passages. this strain of virng, which he named
Flury after the name of a rabies victim from whom the virus was originally
isolated, its pathogenicity for mammalians and specially its capacity to invade
the central nervous system and the calivary glands was markedly reduced, when
inoculated peripherally.

Koprowski et al,,(17) further attenuated Johnson’s Flury strain, by serial
passages in chick embryos and demoenstrated that dogs could be solidly protected
against rabies with the administration of one single dose of this virus at its lower
egg passage level (LEP). At higher egg passage level {180 passages in eggs)
the Flury strain was no more pathogenis for large mammals., However it re-
tained slight pathogenicity for new born mice, hamster and guinca-pig by

intracerebral route, but not for adult mice. The virus at this stage has been
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teur Institute of Iran.

We had to wait a few years unti during the summer of 1954 an excep-
tionally favourable and unique event availed. 29 individuals were bitten, the
majority on the face and head, during a few hours by one rabid wolf invading
a sleeping village at night. The combined serovaccination trial recommended
by the WHO was executed in this group.  The outcome of this trial reported by
Baltazard and Bahmanyar(20} (1955) was so conclusive and encouraging that
it was recommended as the best available protection against rabies by the
WHO Expert Committee at its third session 1956, The procedure was adopted
all over the world and many human lives, otherwise condemned to death, were
saved. In Iran alone, following the adeption of the combined serum-vaccine
administration, the treatment-failure rate for the severely exposed cases felt from
40 per cent 10 almost zevo (Balunanyar 1966)(21), Tt sesmed that the problem
of post-exposure protection of man against rabies was solved once for cver.
True though it is 10 a great extent, the procedure was {ar from being perfect
for the following reasons.  Though very rare, but still occasional treatment
failures were still observed after serum-vaccine treatment. The vaccination
schedule reduced to 14 daily doses instead of 21 or more was not only a long
and tronblesome procedure hut caused side effects including post-vaccination
paralysis, sometimes ending in death, that could not be overlooked. The efforts
ol many workers, in the [ield of rabies was therefore oriented, during the last
two decades, to overcome those deficiencies, A brief account of these efforts
crowned with successful achievements are as follows.

Since many years the immuno-allergic accidents were attributed to the
presence of encephalitogenic factors in the nervous tissue of adult animals used
for the preparation of various types of vaccines. ‘1'o avoid this hazard, brain
tissue of new born animals considered to be free from those factors were sub-
stituted for adult anmals. Thus Fuenzalida(®2) (1955} derived his vaccine
from new horn mice. Karakujumcan (28) ysed 4-7 day old rats for this pur-
pose. Lipton (1953) and Gispen {1965} employed on day ofd suckling rabbit for
the preparation of non-allergic vaceine. The suckling mouse brain vaccine and
the new born rat brain vaccine has been exiensively used in South  Ame-
rica and the USSR, Though too carly for a correct assessinent, observations
up to date indicate reduction but not elimination of post-vaccination paralytic
accidents in humans treated with vaccines derived {rom suckling animals. 1t
hasalso been claimed that these vaccines are more antigenic than preparations
from adult animals.

Aiming at a complete elimination of post-vaceination aceidents in man,
other investigators adapted the fixed virus strains to avian embryos and pro-
duced vaceines from them for human bomunization. Fhe Flury strain of rabijes
virus modified by Johnson by serial passages, in one day old chicks, was adapted
to chick embryo by Koprowski(24} and at its 50th passage level was extensively
used for immunization of dogs with excellent results. This was called the Flury
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Jow egg passage (LEP), The same virus straim at 180th cge passage level, called
HEP (high egg passage), has ben used both in man and cattle as live vaceines,
providing adequate protectien in avimals but with guestionable results 1 man.
Powell and Culbertson (1956) were the le: ldCl\ in the adeptation and sufficient
multiplication of rabies virus in duck-embryo. Using the Pitman-Moore strain
of fixed rabies virus, propagated in duck-embryo and mactivated by heta-
propiolactone, the as called DEV vaccine was produced and extensively used
in the United States for hoth pre and post-expoesure protection of man. Based
on the results of laboratory experiments and {icld trials the avianized vaccines,
Jive or inactivated, were not fre from encephalitogenic factors. They were also
found to be Jess immunogenic in man as compared with the nervous tissue
vaccines, The production and the administration of those vac cines although
an important progress in the immunization of animals could not be considered
as a definite resolution to the problems related to the protection of man after
exposure to rabies virus. Efforts to cope with ihese deficiencies were therefore
initiated with promising achievements.

"The new era in the production of none encephalitogenic, safe and highly
antigenic rabies vaccines was opened by the advent of the growth of rabies virus
in cell and tissue cultures. The first attompts in this field made by Levaditi as
carly as 1913 remained unsuccessful and seon ‘11) indoned, very probably because
of Lmawulabllity of antibiotics at that time. 43 vears later (1958), Kissling(25)
succeeded in the growth, with reasonable titers of the CVS strain ol rabies
virus, in primary hamster kidney explants. Soon after this discovery other in-
vestigators attempting the propagation of rabies virus, in different  pri-
mary explants or cell Tines, found out that this virus could multiply in
almost all of the non-nervous tissues they tried. The aim thercalter was to
find a tissue or a cell line in which the virus would multiply and produce ade-
quately high titers, suitable for the production of potent vaccines. Fenje(26)
{1960} using hamster kidney cells as host for the SAD strain produced an en-
couragingly antigenic vaccine. Kissling himsell with Reesen produced likewise
a potent vaccine with CVS strain in the same cells. Ruegsegger and Sharpless
prepared a vaccine with Flury HEY stram in chicken { ihrobiast. This vaccine
was demonstrated to be significantly antigenic in human volunteers. Abel-
seth(27) propagated the kidney cell adapted SAD strain obtained from Tenje
in porcine kidney cells.  This virus called ERA with very high antigenic value
has been extensively used as a live virus vaccine for the immunization of both
dogs and cattle.  Wiktor, Fernandes and Koprowski{28) (1964} succeeded to
grow various modified rabies viruses (1'he CUS, Flury HEP and Pitman-Moore
straing) in human diploid cell {IDC), Wistar-38 line.  The most immunogenic
of those vaccines was the one produced with the PM virus and inactivated
with beta-propiolactone(29). A single dose of this vaccine administered in pri-
mates protected seven out of cight of thema gainst a subsequent challenge with
street rabies virus,  Trials in 8 previously vaccinated and 8 non vaccinated
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volunteers by the same authors demonstrated very high booster effect and reli-
able antigenicity for that vaccine (1965). A batch of the same type-of the HDC
accine produced by Lang. Institut Merieux {1971) was entrusted to Pasteur
Institute of Iran, for the evaluation of its antigenicity in non-vaccinated human
volunters, The results of this tial performed by Bahmanyar(30) (1972, paper
under publication), clearly indicate that with only 4 doses of this safe and com-
pletely free froni encephalitogenic factors, prompt and dependable immunity,
reflected by very high antibody titers can be induced in man.

The futurce outlook. - Thanks to the outstanding achievements resulting
from the continuwous efforts of many investigators during the last two decades
and specially the demonstration of the reliable protective value of the combined
serum-vaceine treatment, it can be stated witl conflidence that almost all of
the exposed individuals arriving for treatment in time are saved, Heterologous
antirabies serum preduced in various animals such as horses, maules, sheep,
rabbits and so forth has been and is being used at present.  Although these im-
mune sera are carefully purified and concentrated, allergic and anaphylactic
reactions due to them are not rare. ‘T'herefore efforts are directed towards the
production of rabies immune globulin from humian origin as a safe substitute.
‘The availability and use of the human immune globulin will doubtless eliminate
all of the side effects of the heterologous serum.

At present the procedure for the immunization of man with vaccines
currently in use call for 14 daily doses plus 3 boosters (duck embryo or brain
tissue vaccines). Scientific grounds towards the reduction of the number of
doses from 14 to 7 is alrcady established by the workers of Pasteur Institute,
Paris, using a highly potent suckling mouse brain vaccine. With the advent of
the tissue culture vaccines and the outstanding results of the field trials with
the HDG vaccine demonstrating that prompt and very high antibody levels
can be induced in man by the administration of only 4 doses of that vaccine, it
can be expected that the pre or post-exposure protection of man will {all in line
with the procedure of immunization against other viral diseases.

an i (-r'\no:r]

The use of the homologous antirahies glnbulin in n
be totally safe, One can expect that it will nat only be a remarkably more

efficient and safer substitute for the beterologous serum but, it may also he
sufficient in itself in protecting man against rabies. Experiments in this respect
are underway.

Taking into consideration the available biologicals, the protection of
man against rabies in the near future may consist of either the administration
of a combined treatment with one dose of human immune globulin plus 4 doses
and a booster of the HDC or a similar vaccine or the employment of only the
homologous immune globulin in several doses.

It seems that we are not too far from the availability of safe, dependable
and humane procedure to protect man against rabies,
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