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Summary
Rabies vaccines and their use in man and other
animals are described. Safe and reliable vaccines are
available for veterinary use, but many of the problems
associated with the vaccination of humans remain
unsolved.
Introduction
Rabies is caused by a virus which can infect many
warm-blooded animals, including man. It is transmitted from one animal to another, usually by
biting, although this is not the only means by which
the disease is spread. For example, airborne infection
is known to occur (Constantine, 1962; Winkler,
Baker & Hoskins, 1972). Not all individuals exposed
to rabies virus develop the disease and in those that
do there is a considerable delay between the time
of exposure and the development of the first clinical
signs. However, once these do appear, death is
virtually certain, although the first well-documented
account of human recovery from the disease
appeared recently (Hattwick et al., 1972), and there
are reports in the literature of symptomless carriers
and recovered or abortively infected animals (Bell,
1964; Chalmers & Scott, 1969; Matsumoto, 1970;
Hattwick et al., 1972; Afshar, Bahmanyar &
Fayaz, 1972).
The pathogenesis of rabies is still not fully understood. Viraemically distributed virus has been
demonstrated in the brain (Krause, 1966) but most
experimental evidence supports the view that, when
infection occurs, the virus travels from its site of
entry into the body along peripheral nerves to the
central nervous system. The interval between
exposure and the entry of the virus into the peripheral nerves has been previously estimated at not
more than 3 days (Habel, 1954; Schindler, 1966).
However, Baer & Cleary (1972) have shown that, in
a model system which closely resembles the human
situation after exposure, the virus remains at or
near its site of introduction for most of the incubation period. If indeed this is what happens in man,
we can begin to understand why post-exposure
vaccine therapy can work and perhaps develop
more rational and less unpleasant courses of treatment than are available at the present time.
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The use of rabies vaccines
Since the days of Pasteur, vaccination has played
an important part in the protection of man against
rabies. Nowadays, pre-exposure immunization of
both domestic animals and persons at risk is widely
practised, but the first vaccines were used solely for
the treatment of people who had been bitten by
rabid animals. These people were given daily doses of
vaccine for about 2 weeks. This practice of immunization after infection, unique in preventive medicine,
is still continued and each year between 500,000 and
1,500,000 people throughout the world receive a
course of treatment not very different from that used
by Pasteur. The treatment is dreaded because it is
often painful and there is a very real risk of postvaccinal complications, some of which are severe
(Abdussalam & Bogel, 1971). In the last 15-20 years
the treatment has become even more unpleasant
because of the frequent inclusion of antiserum
at the beginning of the course of vaccination
(see p. 556).
The value of pre-exposure immunization of
animals as a means of controlling rabies was
emphasized by Meyer (1954). Pasteur was fully
aware of the transference of rabies from one dog to
another and the danger of rabid dogs to man, but it
was not until after the First World War that the first
mass vaccination of dogs took place. At that time
Hungary was the country in Europe most affected
by rabies but, by using an inactivated nervous
tissue vaccine and increasing the number of dogs
vaccinated each year, and finally making vaccination
compulsory in 1939, the country was virtually freed
from the disease. A resurgence in Hungary after the
Second World War was similarly treated, and by
1950 all the dogs in the country were vaccinated
(Meyer, 1954). Dog vaccination was also used
successfully for the control of the disease in Japan
(Umeno & Doi, 1921), but no carefully controlled
dog experiments were made until 1945, when
Johnson showed the efficacy of a single dose of
vaccine as a preventive measure (Johnson, 1954).
In 1951 a large-scale clinical evaluation of dog
vaccination was made in St Louis, Missouri, U.S.A.,
where the history of epizootics had been carefully
documented over 20 years. Using a phenolized
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vaccine, 58,000 dogs were vaccinated and the disease
virtually disappeared within 9 months. In contrast,
previous outbreaks had lasted several years and
declined only slowly (Fredrickson et al., 1953).
More recently, live rabies vaccines (see below) have
been used extensively for canine vaccination. For
example, the Flury LEP (low egg passage) vaccine
(Koprowski & Cox, 1948) was the one generally
used in the U.S.A. between 1953 and 1965, when the
number of confirmed rabies cases in dogs was
reduced from 5688 to 412 (Center for Disease
Control, 1969 Zoonoses Surveillance, Annual
Summary, Rabies-quoted by Sikes, 1971). The
successful use of the same vaccine in Malaya, Israel
and Rhodesia was reported in the Bulletin of the
World Health Organization (1954) and in many
countries the annual vaccination of dogs is now
compulsory.
In many parts of the world, rabies is maintained
not in the canine but in the sylvatic population.
Kaplan (1969) stated that in Central and South
America, for example, rabies transmitted by vampire bats is estimated to kill up to 1,000,000 cattle
each year, although there are relatively few official
reports of actual cases. The annual cost of the
disease to the farming industry has been calculated
at $70,000,000 (Hubbard, 1969). Until efficient
methods are evolved for the destruction of the bats,
vaccination ofexposed animals seems theonlymethod
of limiting the disease, and experiments to -decide the
most effective vaccine for this purpose were described by Hubbard (1969) and Dreeson, Eubanks &
Behymer (1970).
In Europe and the U.S.A., foxes and skunks
respectively are the most commonly infected animals,
and in four recent papers (Schmidt & Sikes, 1968;
Baer, Abelseth & Debbie, 1970; Black & Lawson,
1970; Debbie, Abelseth & Baer, 1972) the successful
experimental vaccination of foxes was described.
Schmidt & Sikes (1968) immunized the animals by
intramuscular inoculation of an inactivated nervous
tissue vaccine, while the other workers gave the
live ERA vaccine orally with the idea that this or a
similar vaccine could be given to wild foxes in bait.
How do rabies vaccines work?
Although vaccinated dogs and cattle with no
detectable serum neutralizing antibody remaining
may still resist experimental infection (Hubbard,
1969), the level of neutralizing antibody is usually
regarded as a measure of the efficacy of pre-exposure
vaccination. In fact, a direct relationship between
neutralizing antibody level and protection against
challenge has been demonstrated in several animal

species (Tierkel, 1949; Dean, 1964; Cabasso, 1966;
Crick & Brown, 1969; Turner, 1962). In the postexposure vaccination of humans the role of antibody
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in preventing the disease is difficult to explain unless
virus does remain outside the nervous system and
therefore accessible to antibody for a considerable
period, as is suggested by the results of Baer &
Cleary (1972). The concept of using daily doses of
vaccine cannot be immunologically sound and the
fact that animals may be protected after exposure by
a single dose of concentrated tissue culture vaccine
(Sikes et al., 1971; Wiktor, 1971; Baer & Cleary,
1972) suggests that in future protection for man may
be conferred by a less rigorous regimen than used

nowadays.
Wiktor, Postic & Koprowski (1972) have now

found that vaccine prepared from virus grown in
BHK 21 cells (Macpherson & Stoker, 1962), then
concentrated and inactivated, stimulates the production of interferon in hamsters during the 24 hr
following intramuscular inoculation, and Baer &
Cleary (1972) obtained a similar result in mice up to
32 hr after inoculation. Their results led Baer &
Cleary (1972) and Wiktor et al. (1972) to suggest
that interferon may play a part in protection against
the disease if the vaccine is given at or near the time
of challenge. However, Turner (1972) was unable to
demonstrate interferon production or immediate
protection against lethal challenge in rabbits, mice
or hamsters after the inoculation of various antirabies vaccines, and stated that 'effective immunity
against rabies appears at present to be related solely
to humoral antibody' (Turner, 1973).
The development of rabies vaccines
Rabies vaccines are produced in mammalian
nervous tissue, chick or duck embryo, and in a
variety of tissue culture systems. The development of
each will be considered separately. A number of
vaccines give excellent results in animals but none
is completely satisfactory for use in man.

(a) Nervous tissue vaccine
The first experimental vaccines were made by
Pasteur and his co-workers, Roux & Chamberland,
in the early 1880's, using virus isolated from rabid
dogs which they had passaged in rabbits. After
about fifty intracerebral passages in rabbits the virus
no longer infected dogs by the subcutaneous route,
although its pathogenicity for rabbits had increased.
Further passages in rabbits did not appear to alter
its biological properties and the virus was now
referred to as 'fixed' to distinguish it from the
natural or 'street' virus present in the saliva of
rabid animals.
When rabbits infected with 'fixed' virus died, the
spinal cords were removed and dried over potassium
hydroxide for varying lengths of time. The dried
cords were almost completely avirulent after 2 weeks.
A dog would be given cord dried for 14 days on the

first day, cord dried for 13 days on the second, and
so on. At the end of two week the dog would be
completely immune to intracerebral challenge with
fully virulent virus (see Parish, 1965).
Pasteur's next experiments were conducted with
dogs which had been bitten by a rabid animal,
that is, treatment was given after exposure to
the virus. The rationale of this treatment remains to
be convincingly argued but was tried because of the
long incubation period of the disease (a month or
more in dogs). Despite this unorthodox method of
prophylaxis, the experiments were successful and the
dogs were protected from the disease (Parish, 1965).
In 1885, a 9-year-old boy, Joseph Meister, badly
bitten by a rabid dog, became the first human
to be treated with the new vaccine. He received
thirteen doses of rabbit cord vaccine, the first of
which had been dried for 15 days and the last for
1 day (Pasteur, 1885). Joseph Meister did not develop
rabies, and in the next year about 2500 exposed
persons were similarly treated, only twelve of whom
died (see Turner, 1969).
Since that time 'little if any improvement has
been made in the preparation of rabies vaccines'
(Koprowski, 1971) and Pasteur's influence on the
prophylactic treatment of rabies remains. More
nervous tissue vaccines are used than any other
type, for they are the most potent antigens yet
developed for humans and are also widely used for
animal vaccines. The usual course of treatment for
post-exposure immunization of humans is still
fourteen, and in some cases twenty-one, daily doses
of vaccine, with booster doses recommended at 10
and 21 days after the last daily dose (particularly
recommended if antiserum has been given on the
first day-see Habel, 1966). Although few people
have actually commented on the wisdom or otherwise of so many doses of antigen so close together,
inferior antibody responses were obtained in human
volunteers given fewer doses more widely spaced
(Atanasiu et al., 1957), and Plotkin & Clark (1971)
made the statement that 'daily stimulus is necessary'.
Doubts about the effect of the treatment on the
mortality rate of exposed persons were expressed by
Meyer (1954) and, as pointed out by Plotkin &
Clark (1971), controlled studies on its efficacy have
never been made. However, Veeraraghavan (1969)
stated that in India 56% of untreated exposed subjects developed the disease, compared with only 7 %
of vaccinated persons. Even better results are
claimed when antiserum is included in the therapy
(see p. 556).
There have been many modifications of Pasteur's
original method of preparing nervous tissue vaccine,
including those of Fermi (1908) and Semple (1911)
(see Turner, 1969). In the Fermi vaccine, virus is
partially inactivated with phenol but retains a titre
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of about 104.2 LD50 per ml (Lepine, 1966). This was
the vaccine used in the famous field trial in Iran
when the value of anti-serum in prophylaxis was
demonstrated (see p. 556). The use of this and other
partially inactivated vaccines for man is now declining (Abdussalam & B6gel, 1971; Fenje, 1971).
Semple-type vaccine, which was originally made
from sheep brain, is the most widely used vaccine
today for the post-exposure treatment of humans
and for animal vaccination. Other animal brains are
now also used for its preparation and the virus is
completely inactivated with phenol, ,B-propiolactone
(BPL) or ultraviolet light. Semple vaccine is not
recommended for pre-exposure immunization of
humans.
Unfortunately, prolonged therapy with nervous
tissue vaccine is associated with a risk of postvaccinal reaction, because adult brain contains an
encephalitogen associated with myelin. The average
incidence of neural complications in people vaccinated was given by Abdussalam & Bogel (1971) as
being about 1/160, with fatal termination in 1/11,000.
Numerous attempts have been made to remove the
encephalitogen (Turner, 1969), one of the most
successful of which appears to be that of Kaplan &
Turner (1968), who used the fluorocarbon, Arkton,
for this purpose. Their modified Semple vaccine is
now licensed for use in Britain and is at present
being evaluated in a group of volunteers.
The brains of very young animals contain very
small amounts of myelin and are therefore considered
to be free from the paralytic factor. Fuenzalida &
Palacios (1955) showed that a vaccine of high
immunogenicity could be produced easily and comparatively cheaply from the brains of suckling mice.
Similar vaccines have been prepared from suckling
rat brains in the U.S.S.R. (Svet-Moldavskij et al.,
1965) and from suckling rabbit brains in the Netherlands (Gispen & Saathof 1965; Gispen, Schmittmann
& Saathof, 1965). Suckling mouse brain vaccines
inactivated by ultraviolet light, BPL or phenol are
now the most widely used in South America for
post-exposure therapy and pre-exposure immunization of persons at high risk. In addition, many
thousands of doses are produced each year for use
in animals. By centrifugation and chromatography
of crude brain suspensions, Sikes & Larghi (1967)
obtained a 'purified' vaccine, and suckling rat brain
virus separated by density gradient centrifugation
has also been used for an experimental vaccine
(Lavender, 1970).
However, Held & Adaros (1971) have reported
cases of neurological disease following administration of suckling mouse brain vaccine during the
period 1964-1969. The neurological symptoms were
quite different from those which have been seen
after vaccination with maturenervous tissue vaccines.
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Most cases had a Guillain-Barre syndrome with
peripheral nervous tissue involvement and there was
a higher case-fatality ratio. The causative agent has
not yet been identified.

(b) Avian tissue vaccine
The advantages of rabies vaccines which are free
from nervous tissue are obvious, and for a number of
years rabies vaccines prepared in avian tissue have
been available. Two of the best known, the Flury
LEP and HEP vaccines, are prepared in chick embryos
and used as live vaccines. The Flury strain was
originally isolated from a girl of that name, passaged in day-old chicks and then adapted to chick
embryos by Koprowski & Cox (1948). The Flury
LEP (low egg passage) vaccine consists of virus at
the 40th to 50th egg passage level. Although Bell
(1967) has questioned the wisdom of using such a
vaccine because of its known pathogenicity for
certain species, e.g. cattle, cats and young puppies,
it appears safe for adult dogs and has been widely
used in rabies eradication campaigns (see p. 551
above; Bulletin of the World Health Organization,
1954; Cabasso, 1966). Johnson (1954), quoting
experiments by Koprowski & Black (1952), claimed
that one dose of LEP vaccine gave a longer immunity
in dogs than a single dose of phenolized brain
vaccine. More recently, LEP vaccine has been shown
to compare favourably with the newer attenuated and
inactivated tissue culture vaccines and with suckling
mouse brain vaccine (Sikes, 1971).
Flury HEP (high egg passage) vaccine, which
consists of virus at the 180th egg passage level, is
safe for puppies, cats and cattle, and Hubbard
(1969) found that cattle inoculated with it were resistant to challenge 22 months later. However,
dangers inherent in the use of live vaccines preclude
their use in countries, such as Britain, where the
disease is not endemic. The Report of the Committee of Enquiry on Rabies (Report, 1971) does 'not
recommend use of a live vaccine for vaccination
in this country', although the dogs to be vaccinated
would in fact be those confined to quarantine
kennels.
Flury HEP has also been extensively tried for the
pre-exposure immunization of man, but with disappointing results (see Turner, 1969, for references).
Doubts about its use were expressed by Schwab
et al. (1954), and Fox et al. (1957) came to the conclusion that the virus failed to multiply in extraneural human tissues. Consequently, it is no better,
and may be more dangerous, than an inactivated
vaccine containing the same amount of antigen.
The W.H.O. Expert Committee, in its 5th Report
(W.H.O., 1966), suggested that use of both Flury
vaccines should be limited to animals.
In order to obtain higher yields of virus, a fixed
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virus strain was grown in duck embryos and by
inactivation of this material with BPL the now wellknown duck embryo vaccine (DEV) was first prepared (Peck, Powell & Culbertson, 1956). In a
clinical trial conducted by Greenberg & Childress
(1960) the results suggested that antibody was produced more rapidly in persons receiving duck embryo
vaccine than in a second group receiving Semple
vaccine. On the other hand, Dean & Sherman (1962)
found that the potency level of DEV is consistently
lower than those of nervous tissue vaccine, but
nevertheless 'satisfactory' (Habel, 1966). Grave
doubts as to the efficacy of DEV were subsequently
expressed by Crick & Brown (1970a). The two
English cases of canine rabies in Camberley (October
1969) and Newmarket (February 1970) provided
these workers with the opportunity to examine sera
from patients who received the recommended
fourteen daily doses of duck embryo vaccine. Only
four out of thirteen persons vaccinated with fourteen
doses produced significant amounts of antibody
(Table 1). The high level of neutralizing antibody
TABLE 1. Neutralizing antibody in serum of
patients receiving fourteen consecutive daily doses
of rabies duck-embryo vaccine (from Crick & Brown,
1970a)

Patient
A
B

C

D
E
F
G
H
I

J

K
L
M

Days after
first dose
of vaccine
11
33
110
10
54
109
7
29
106
10
23
106
23
106
14
27
27
7
21
7
21
8
22
8
22
9
21

Neutralizing
activity in
0-015 ml 1/10 serum
(log ID50)
40
3-7

4*1

04
0.0
0.0
04
2-0
1.0
0-8
2-0
2-2
0-8
0.0
1-8
1-0
1-0
0-8
2-0
0.0

04
0o0

2-4
0.0
0.0
0-0
0-8

found in the serum of one of the recipients (A) was
almost certainly accounted for by the fact that she
had received inoculations of brain vaccine 3 years
earlier. Moreover, comparative vaccination experiments in animals showed that the potency of the same
batch of DEV was much lower than that of an
experimental vaccine produced from virus grown in
BHK cells.
Since these results were published, Plotkin &
Clark (1971) have stated that in their experience
laboratory workers immunized with duck embryo
vaccine also have disappointingly low antibody levels
and pointed out that there are even less controlled
data about the protective effect of this vaccine in
man than there are about nervous tissue vaccines.
Duck embryo vaccine is, however, regarded as safer
than nervous tissue vaccines, and the incidence of
neurological complications during or after postexposure treatment has been only 1/25,000. Only one
death has been reported that could have been connected with vaccination in 172,000 vaccinees
(Abdussalam & Bogel, 1971). Local reactions are
common, and in some recipients severe allergic
reactions have occurred (Cowdrey, 1966). Nevertheless, duck embryo vaccine remains the recommended
vaccine for both post- and pre-exposure vaccination
of man (W.H.O., 1966) and is the post-exposure
vaccine most used in the U.S.A. (Abdussalam &
Bogel, 1971).

(c) Tissue culture vaccines
The first experimental vaccines were produced in
primary cultures of hamster kidney cells (Fenje,
1960; Ott & Heyke, 1962) and Cabasso et al. (1965)
described the production of Flury LEP vaccine in
chick embryo fibroblasts. Fenje's virus strain was
passaged by Abelseth (1964a and b) in chick embryos
and then adapted to pig kidney cells. This is the ERA
strain of rabies vaccine which, used without inactivation, has been shown in challenge tests to produce
immunity for up to 5 years in dogs and 4 years in
cats (Lawson & Crawley, 1972). However, like other
live vaccines, it is not acceptable for use in countries
where the disease is not endemic.
Many workers have used hamster kidney cell lines
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for the production of rabies vaccines for animal use.
In 1967 Petermann et al., using the NIL line of
hamster fibroblasts and a fixed virus strain from the
Wistar Institute, prepared a vaccine inactivated with
BPL. This vaccine was shown to have good immunogenicity for dogs, cats and cattle and is in fact the
vaccine imported into Britain for use in quarantine
kennels. More recently, Crick & Brown (1971) have
shown that Flury LEP virus grown in BHK 21 cells
and inactivated with acetylethyleneimine (AEI) is
also an excellent immunogen for dogs and cattle.
This experimental vaccine is now also produced at
the Animal Virus Research Institute, Pirbright, in
suspended cell culture (Chapman & Ramshaw,
personal communication). The Pasteur strain of
virus, also grown in BHK 21 cells in either monolayers or suspended culture, has been used both as a
live and a killed vaccine for animals (Atanasiu,
Ribeiro & Tsiang, 1972).
All the hamster kidney vaccines are highly antigenic and typical results are shown in Table 2. It is
interesting to compare the response of dogs to one
dose of BHK 21 vaccine with the response of humans
to fourteen doses of DEV (Table 1).
The speed with which the new veterinary vaccines
have been developed has unfortunately not been
matched by similar progress in the human field.
Requirements for a cell substrate for use in humans
are much more exacting, and most licensing authorities will consider only primary cultures of embryonic
tissue from carefully selected stock or strains of
diploid cells of human origin. Tissue culture systems
so far suggested for human use include primary
hamster kidney cells (Kissling & Reese, 1963;
Fenje & Pinteric, 1966), Syrian hamster kidney cells
and sheep embryo kidney (Selimov & Aksenova,
1966), chick embryo fibroblasts (Kondo, in press)
and the human diploid cell strain WI-38 (Wiktor,
Fernandes & Koprowski, 1964). The Canadian
vaccine, in which the virus is inactivated with
formalin (Fenje, 1971), and the Russian vaccine
(Selimov et al., 1969) are both licensed for use in
man. The Canadian vaccine is used for pre-exposure
immunization and has been tested experimentally in
simulated post-exposure treatment, while the Russian

TABLE 2. Antibody response in dogs to AEI-inactivated BHK rabies vaccine
(from Crick & Brown, 1971)
Log virus neutralized* by
0015 ml 1/10 serum

Vaccine schedule
I ml vaccine
Two doses of I ml
vaccine 7 weeks apart

3 weekst

7 weeks

2-2
1.9

1-5
1-7

10 weeks 28 weeks 52 weeks

2-3
4-6

2-2
4-2

The neutralizing activity is the average of four sera in each group.
t Time after first inoculation.
*

1'6
3-8

Postgrad Med J: first published as 10.1136/pgmj.49.574.551 on 1 August 1973. Downloaded from http://pmj.bmj.com/ on January 9, 2023 by guest. Protected
by copyright.

Vaccination against rabies

vaccine has actually been used for post-exposure
treatment with good results (Fenje, 1971).
Considerable interest was aroused by the first
report of Wiktor et al. (1964) that the Flury HEP
rabies virus grown in the human diploid cell strain,
WI-38, was highly antigenic for monkeys. Moreover,
inactivated vaccines from two strains of fixed virus
adapted to WI-38 cells were also highly antigenic in
mice. Thus, the production of an anti-rabies vaccine
for man which was both effective and safe at last
seemed feasible. Wiktor & Koprowski (1965) extended these vaccine trials to groups of ten monkeys
and showed once more that HEP virus grown in
WI-38 cells was apparently much more antigenic for
this species than HEP virus grown in chick embryo.
In the same series of experiments they also showed
that a fixed strain of virus (PM) grown in human
diploid cells and inactivated with BPL stimulated a
better antibody response in monkeys than DEV
(Table 3). These results may be criticised on the
grounds that in only one of the tests (using the live
HEP virus grown in WI-38 cells) was a single dose of
vaccine used, so that, as in the majority of rabies
vaccine trials, the primary antigenic content of each
vaccine was never measured. Furthermore, the
WI-38 vaccines were given by what may well be the
more sensitive intramuscular route, whereas the
DEV was given subcutaneously. Koprowski (1967),
describing trials in which 107 'man infective doses'
were given intramuscularly into the neck muscles of
vaccinated animals, claimed that an antibody titre
of 1: 80 or more assured protection against challenge. Antibody titres of this level or greater were
achieved using WI-38 vaccines (Table 3) and 'the
way was now open for clinical trials in man'.
However, there are difficulties in the large-scale
production of WI-38 vaccines, and in laboratories
throughout the world, including our own (Crick &
Hunter, unpublished), it has been found that WI-38
cells produce relatively low yields of virus, so that

without prior concentration the killed vaccines are
often no better antigenically than duck embryo
vaccine. Wiktor et al. (1969) admitted that the antigenicity of the new vaccines was usually very little
higher than that of a standard vaccine (Reference
rabies vaccine, Lot No. 173, supplied by the
Division of Biological Standards, National Institutes
of Health, Bethesda, U.S.A.) and it is now generally
accepted that vaccines produced in WI-38 cells will
require concentration before use.
However, two important observations were made
with concentrated WI-38 vaccines. First, Wiktor
(1971) showed that more monkeys were protected
against challenge by a single dose of concentrated
WI-38 vaccine than by a sin gledose of either duck
embryo vaccine or the standard vaccine (Table 4).
Second, Wiktor (1971) showed that a single dose of
WI-38 vaccine concentrate given to monkeys after
experimental exposure to virus gave rather better
protection against the disease than fourteen daily
doses of duck embryo vaccine (Table 5). The production of WI-38 vaccine concentrates has, however,
been criticised on the grounds of expense, but the
enormous advantages of having safe, single-dose
vaccine therapy after exposure cannot be overestimated. Clinical trials of the vaccines in humans
have been started and preliminary results given by
both Bahmanyar and Kaplan (in press).

Combined serum-vaccine prophylaxis for man
Experimental justification for including antiserum
at the beginning of the post-exposure course of
vaccine, thus providing an early antibody cover, was
obtained in protection studies in mice, hamsters and
guinea-pigs (Habel, 1945, 1954; Koprowski, Van
der Scheer & Black, 1950; Koprowski & Black,
1954). A unique field trial which showed that
passively administered antibody could indeed be
valuable in post-exposure therapy was carried out in
Iran in 1954. Of five people severely bitten in the

TABLE 3. Antibody response in monkeys immunized with rabies vaccine
(from Wiktor & Koprowski, 1965)

Neutralizing titre of rabiesantibodies in sera of monkeys

Vaccination
Type of vaccine
HEP grown in
WI-38 cells

PM/BPL grown
in WI-38 cells
HEP/CE
DEV
*

No. of
doses
7
3
1
7
3
3
7

1

< 10*
< 10
<10
< 10
< 10
< 10
< 10
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7

144
82
73
33
19
11
18

Days after vaccination
14
28
56
864
288
224
104
48
19
29

592
232
115
65
26
12
12

Figures indicate average titres for each group of animals.

325
132
53
31
15
12
6

135
500
224
120
35
22
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TABLE 4. Antibody response and challenge results* in
rhesus monkeys vaccinated with one injection of experimental vaccine produced in WI-38 cells (from Wiktor, 1971)

Mean antibody titres (days)

Mortality

Vaccine type

6

19

31

73

ratios

DEV
NIH Ref 173
WI-38 (1)
W1-38 (2)
Control

10
lot
140
290

2
5
350
780

-

-

2
3
230
470
-

< 2
3
95
470
2

5/5
4/5
0/5
1/5
5/5

All animals were injected with 1 ml of vaccine and
challenged 73 days later.
t One monkey developed high antibody titres and
survived challenge. This animal was not included in the
calculation of mean antibody level.
*

TABLE 5. Post-exposure evaluation of human vaccines in rhesus monkeys.
SN antibody titres and challenge results (from Wiktor, 1971)

Antibody levels (days)

Vaccine type
DEV
Fourteen daily innoculations

3
< 2
< 2

< 2
< 2
< 2
WI-38-One dose

< 2

2
2
2
2
2
2
< 2
< 2
< 2
< 2
<2
<
<
<
<
<
<

Controls

head and neck by a rabid wolf and given a course of
Fermi vaccine, three died from rabies. In contrast,
twelve out of thirteen people survived after being
similarly wounded but treated with a dose of antiserum in addition to vaccine (Baltazard & Bahmanyar, 1955). Despite the small numbers involved in
this trial, immune serum was recommended subsequently together with vaccination for the treatment
of humans after severe exposure to rabies (W.H.O.
Expert Committee on Rabies, 1957, 1966; Plotkin
& Clark, 1971).
Although Habel (1966) expressed his confidence in
the combined use of antiserum and vaccine, other
workers have been less convinced of its value (Wiktor,
Lerner, & Koprowski, 1971) and treatment failures
have been recorded (Anderson, Daly & Kidd, 1966;
Dehner, 1970). Habel (1966) and Atanasiu et al.
(1956, 1957, 1961, 1967) found that the antibody
present in the injected serum tends to inhibit the
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active immunity stimulated by vaccination, an effect
which Wiktor et al. (1971) were able to demonstrate
experimentally in rabbits. Furthermore, the use of
equine serum in humans may cause anaphylactic
reactions and serum sickness (Karliner & Belaval,
1965). Although the successful production and
clinical trial of human rabies immune globulin was
reported by Cabasso et al. (1971), it is difficult to
imagine that such material will be generally available
until there are better vaccines for its production.
Future considerations
(a) Virus subunits for human vaccines
Because of the difficulties in purifying nervous
tissue vaccines, the poor antigenicity of duck
embryo vaccine and the problems inherent in the
production of effective vaccines from human diploid
cells, it may seem over-ambitious to consider the
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production of a purified subunit vaccine for human
prophylaxis but, byusing purified subunits as antigen,
the notorious side effects which may accompany the
use of the present-day vaccines would be avoided.
Furthermore, the antigenic content of the vaccine
could be determined very precisely. Perhaps in the
future a purified subunit vaccine prepared from
virus grown in cells such as BHK 21 could even be
considered for human use!
Rabies virus, like vesicular stomatitis virus (VSV),
is a member of the rhabdovirus group (Fig. 1) and
might therefore be expected to resemble this virus
not only in its morphology but also in structural,
functional and immunological properties. The surface
projections of VSV stimulate the production of
neutralizing antibodies when inoculated into guineapigs, and there is an excess of these spikes or similar
subunits in tissue culture harvests (Brown, Cartwright & Almeida, 1966). More recently, suspensions
of brain tissue and BHK 21 cells infected with rabies
virus have been shown to contain immunizing subunits (Crick & Brown, 1969, 1970b; Wiktor et al.,
1969; Schlumberger, Wiktor & Koprowski, 1970).
Following the work of Brown, Cartwright & Smale
(1967) and Cartwright, Smale & Brown (1970) with
VSV, Crick & Brown (1970b) examined the effect of
Tween/ether and detergents on rabies virus. Each
reagent depressed the infectivity of the rabies virion
and the effect on the morphology of the virus is
shown in Fig. 2. In contrast to the results obtained
with VSV (Brown et al., 1967), Tween/ether did not
appear to remove the spikes. However, the results
obtained by detergent treatment were similar to
those described for VSV. After the addition of sodium
dodecyl sulphate (SDS) no structural entities could
be identified by electron microscopy but, when
Nonidet P40 or sodium deoxycholate (DOC) was
used, the virus was disrupted to give, in the case of
Nonidet, skeleton-like structures with the spikes
removed and, in the case of DOC, strings of ribonucleoprotein. When the virus was inactivated with
AEI, disrupted and then inoculated into mice,
neutralizing antibodies were produced in all cases
except for the SDS-treated material (Table 6).
Another potential subunit vaccine for rabies has
since been described by Schneider, Horzinek &
Novick' (1971). These workers used saponin to
inactivate and disrupt the virus and showed that the
product was highly immunogenic for mice. Tint (in
press), using virus grown in WI-38 cells, separated
the glycoprotein from the lipid by treatment with
Tween 80 and tri(n-butyl)phosphate to produce a
very promising vaccine which has been tried in
humans. That the glycoprotein is in fact the antigen
which can induce the formation of neutralizing
antibodies and protect animals against challenge
has now been shown by Wiktor et al. (1973).
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FIG. 1. Electron micrographs of: (A) vesicular stomatitis virus, strain Indiana C; (B) rabies virus, strain
Flury LEP.

The production of a subunit vaccine against rabies
is therefore possible. However, Neurath & Rubin
(1971), while agreeing that in many ways the use of
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FIG. 2. Electron micrographs showing the effect ofvarious treatments on rabies virus. (A) untreated virus; (B) Tween-ether;
(C) Nonidet; (D) sodium deoxycholate.

viral structural protein for immunization against
viral diseases is desirable, showed that there is considerable evidence that the most efficient antigen for
the production of virus neutralizing antibodies is
the virus itself. An interesting observation in this
connection was recently made in our laboratory.
We found that, when the antibodyresponsetoasingle

dose of a DOC-disrupted rabies vaccine was compared with that to the inactivated vaccine from which
it was derived, not only was the antibody response to
the disrupted vaccine somewhat lower but it was
also considerably delayed. Direct conversion to
IgG antibody occurred, and at no stage did we
detect any IgM antibody (Table 7) (Brown & Crick)
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TABLE 6. Serum neutralizing antibody in mice 21 days after inoculating rabies
virus treated with various reagents

Reagent

Log depression
of infectivity

Neutralizing activity* in
0-015 ml of 1/10 serum

None
Tween-ether
3-4
0-1% Nonidet
2-8
0-1% Sodium deoxycholate
1P6
4-2
0-1% Sodium dodecyl sulphate
* The neutralizing activity is the average of five sera in each

2-4
2-6
2-1
2-2
0

group.

TABLE 7. Antibody response in guinea-pigs to deoxycholatetreated inactivated rabies virus
Log virus neutralized by
0-015 ml 1/20 serum

Antigen
Virus

6 dayst
13 days
21 days
3-0
3-6
2-6
1 5 (ME)* 2-4 (ME)
2'6 (ME)
Virus+DOC
0-8
07
2-0
1*0 (ME)
0*3 (ME)
2-0 (ME)
* These sera were treated with 01 M mercaptoethanol
before use in the neutralization test
t Time after inoculation.

in press). In view of the use of rabies vaccine in
post-exposure therapy of humans, this point may
be of some importance if in fact the efficacy of the
treatment depends upon the early production of
antibody.

(b) Rabies-like viruses
Although strains of rabies virus showing differing
biological properties have been described, the virus
has until recently been regarded by most authorities
as a single serological entity unrelated to other
members of the rhabdovirus group. So little antigenic variation has been found between strains that
it has been standard practice to use the same strains
throughout the world for the production of vaccines
and antisera (Habel, 1966).
Recently, however, two viruses serologically and
morphologically related to rabies were described by
Shope et al. (1970). The first, Lagos Bat virus, was
isolated from the brain of a fruit bat (Eidolon helvam)
on Lagos Island, Nigeria, in 1956 (Boulger &
Porterfield, 1958). Three strains of the second
virus, Mokola, including the reference strain IbAn
27377, were isolated in 1968 from the pooled lungs,
liver, spleen, kidneys and heart of shrews (Crocidura
sp.) captured in Ibadan, Nigeria. On the basis of
complement fixation, serum neutralization tests and
their mode of maturation, Shope et al. (1970) placed
the two new viruses and rabies in a subgroup within
the rhabdovirus group. Results of vaccination and
challenge tests in mice with all three viruses confirmed
that there was some antigenic relatedness between
them (Tignor & Shope, 1972).
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The isolation, also in Ibadan, of a virus from the
brain of a horse which had died from 'Staggers', a
disease resembling rabies, was described by Porterfield, Hill & Morris (1958). It was not until 1972,
however, that this virus was shown to be bulletshaped and to be related serologically to rabies
(Porterfield, Armstrong & Turner, personal communication).
Schneider & Schoop (1972) suggested that the
three Nigerian viruses are new serotypes of rabies
differing from the classical virus in their outer coat
components. They stated that experiments at the
Federal Research Institute for Animal Virus
Diseases in Tubingen, Germany, had shown that the
newly discovered viruses and rabies itself had the
same internal nucleoprotein component, which
represented the group antigen.
The relevance of these findings to vaccination
programmes in West Africa will depend on the
incidence, pathology and host range of the new
viruses. Three more strains of Mokola virus have
been isolated, two of them from children, one of
whom died (Kemp et al., 1972). The two human
cases of Mokola were described by Kemp et al.
(1972), Familusi & Moore (1972) and Familusi et
al. (1972) and their evidence suggests that Mokola
virus infection could be confused clinically with
rabies and other paralytic conditions. Tignor &
Shope (1972) found that mice vaccinated with
rabies virus were only poorly protected against the
reference strain of Mokola virus and pointed out
the relevance of this to the present situation, in
which only the classical rabies vaccines are available.

The same authors (Shope & Tignor, 1971) discussed
the possibility of a heterologous rabies vaccine or a
successful combined vaccine regimen for areas such
as West Africa. Furthermore, if the remarks of
Schneider & Schoop (1972) concerning the structural
differences and similarities in this group of viruses
are correct, a subunit vaccine containing the coat
proteins of only one virus would be unable to provide
the broad spectrum of immunity required in an area
where several viruses of the rabies group were
endemic.
In the last decade methods have become available
whereby rabies virus grown in tissue culture can be
purified and examined by chemical and physical
techniques. The way is now open, therefore, for the
detailed examination of structural relationships
within the virus group. When this knowledge
becomes available and the disease itself is better
understood, it will be possible to decide on the public
health measures, including vaccination, which should
be used for the protection of domestic animals and
the human population.
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