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SYNOPSIS

The authors report on an investigation into recent advances in
rabies treatment designed to assess the various claims put forward,
their relative merits, and whether they hold true when Indian
strains of street virus are used for challenge. The results are pre-
sented of treatment with antirabies serum alone, with 5% Semple
vaccine, with a combination of serum and vaccination, and with
HEP Flury vaccine with and without serum.

Antirabies serum alone, given before or after infection, while
definitely prolonging the incubation period, had no saving effect.
Serum seemed to confer some protection when it was obtained from
animals of the same species which had survived an infection with
the particular challenge virus.

With doses of 5% Semple vaccine comparable to those admi-
nistered to human beings it was possible to confer solid protection
to animals against virulent strains of street virus provided the treat-
ment was started 7 days before challenge.

Combined therapy with serum and vaccine given after infection
was of great value under certain conditions. There appeared to be
an optimum relationship between the quantity of serum given and
the antigenicity and dosage of vaccine administered.

HEP Flury vaccine given before infection gave very good pro-
tection. But serum and HEP Flury vaccine administered after
infection was not of value against an Indian strain of street virus.

During recent years important claims have been made regarding
rabies treatment, involving, inter alia, (a) the use of hyperimmune serum
with and without vaccine therapy, and (b) the use of chicken-embryo-
adapted rabies vaccine. All these claims were investigated under a single
set-up with a view to assessing the various claims themselves, their relative

a Was associated with this inquiry until September 1955.
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merits and whether they hold good when Indian strains of street virus are
used for challenge. It was also considered essential to reassess the value
of 5 % Semple vaccine in experimental rabies infection, employing the latest
techniques.' An inquiry on these lines has been in progress at the Pasteur
Institute of Southern India during the past three years. In this paper a brief
account is given of the important results of treatment with (a) antirabies
serum alone, (b) 5% Semple vaccine, (c) a combination of serum and
vaccine and (d) high egg passage (HEP) chicken-embryo-adapted rabies
vaccine with and without serum. The findings have been presented in detail
elsewhere.'5

Materials and Methods

Animals. Healthy guinea-pigs, bred at the Institute and weighing about
400 g, were used in all the protection experiments. The mice employed for
serum neutralization tests were bred at the Institute from the Rockefeller
Institute strain.

Challenge virus. In order that our results might be comparable with
those reported by others the lyophilized canine submaxillary gland- sus-
pension of the NYC strain of virus was mainly used in this study. The
canine submaxillary gland suspension of the Marimuthu and Masuli strains
obtained locally were also used in some experiments. The particulars
regarding the strains 14 as well as the method of lyophilization a are described
elsewhere.

Challenge dose. With-a short needle, 0.1 ml of the selected dilution of
the virus was inoculated into the right gastrocnemius muscles of guinea-
pigs.

Number of LD50 used as challenge. 0.1 ml of doubling dilutions of the
challenge material in 20 guinea-pig serum saline was inoculated into the
gastrocnemius muscles of groups of 4 guinea-pigs to determine the exact
number of LD50 of virus given as intramuscular challenge.

Antirabies serum. Lederle's antirabies serum L, 1000 units per 10 ml,
was mainly used in this study. Antirabies serum PIC raised in horses at
this Institute was also tried. As the recommended dosage of Lederle's
serum was 0.25 ml per pound of body-weight, 0.25 ml of serum was selected
as the dose for a guinea-pig. Generally the serum was given into the left
gastrocnemius muscles.

Neutralizing antibody content ofserum. In each experiment where serum
was used the number of neutralizing doses (ND) administered in respect
of the particular challenge was determined. The neutralizing doses of
serum are represented by the reciprocal of the dilution of the serum which,

a See page 937 of this number.
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when mixed in the given amount with the challenge dose of the virus and
incubated at 375C for one hour, gives 50% survival in groups of mice
inoculated intracerebrally.

Vaccine. 5 % Semple vaccine prepared according to the routine method
employed at the Institute from the brains of sheep infected with rabies
fixed virus (Paris strain) was generally used in these studies. Vaccines
prepared from the brains of infected guinea-pigs as well as control material
prepared from normal sheep brain were also used in some experiments.
Vaccines were always administered subcutaneously.

HEP vaccine. Lederle's high egg passage chicken-embryo-adapted
Flury strain of rabies virus was tried.

Period of observation. The guinea-pigs were observed for a minimum
period of 6 months and mice for 45 days.

Antirabies Serum Therapy

Ever since the work of Babes & Lepp in 1889,3 the protective power of
serum has been studied by many workers but with conflicting results. This
is not surprising as most of the experimental work reported so far on
antirabies serum suffers from one or more of the following drawbacks.
(1) The strains of fixed and street virus used for challenge have varied
from worker to worker. (2) The challenge material obtained from different
passages or different species of animals have been employed by the same
worker. (3) Few workers, except Koprowski, have used infective canine
salivary gland material for challenge purposes. (4) The route of challenge
has varied from worker to worker. (5) The data regarding the severity of
the challenge used in terms of LD50 doses of the virus are not available.
(6) The fixed virus used for the production of hyperimmune serum has also
been employed for challenge. (7) The source of the hyperimmune serum,
the quantity given, as well as the route of administration have varied from
worker to worker and in the majority of cases have no relation to the
conditions obtaining in human treatment. (8) The potency of sera used in
terms of the challenge virus is not available. (9) The period of observation
of animals treated with hyperimmune serum has not been long, enough.

In the experiments reported here an attempt has been made to avoid
or overcome most of the drawbacks listed above.

Results

Pre-infection treatment with serum

In view of the conflicting reports on the value of antirabies serum, it
was considered interesting to see whether antirabies serum administered
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before infection would protect animals. The results of experiments with
sera given before infection, under different conditions, are summarized in
Table I.

TABLE I. PRE-INFECTION TREATMENT WITH SERUM

Control
Average

ose ~ ~ g Mdliyincuba- SrmaeSerum Dos Rout Challeng tion NDru avinuSerum ~~~(ml) a LD50 Mortality NDt incSeum v
(ml)oute LD5O ~~~~period mortality tio

(days) peri
(dab

Serum L, 4 days 0.25 i.m. 8 NYC 9/10 56.2 5270 10/10 20.
before challenge

Serum L, 5 minutes 1.0 i.m. 8 NYC 8/10 38.6 21 080 10/10 20.
before challenge

Serum PIC,
unconcentrated, just 2.5 i.m. 8 NYC 10/10 42.0 9950 10/10 20.
before challenge

Serum L, just before 0.2 i.c. 11.3 NYC 10/10 50.0 2416 14/15 23.
challenge

* Route: i.m. = intramuscular; i.c. = intracerebral.
* ND = neutralizing doses against challenge virus.

Serum L given intramuscularly 4 days before challenge or in large
doses 5 minutes before challenge had no protective value. Also, uncon-
centrated antirabies serum PIC given intramuscularly or serum L given
intracerebrally before challenge conferred no protection. There was a
considerable prolongation of the incubation period in all the groups.

Post-infection treatment with serum

The results of post-infection treatment with serum L under different
conditions are presented in Table II.

Serum infiltrated locally into the site 1 hour after challenge conferred
no protection. Serum had no saving effect irrespective of the challenge
employed when given intramuscularly 1 hour after infection. The results
were poor even with a very mild challenge of 1.3 LD50. The administra-
tion of serum subcutaneously instead of intramuscularly did not make any
difference in the mortality rate. The protective value of the serum was
equally poor against the Marimuthu strain of virus.

In a comparative study of the protective value of the globulin fractions
of antirabies serum, the euglobulin and pseudoglobulin fractions had no
saving effect when given in 0.25-ml amounts 1 hour after a challenge of
3.2 LD50 NYC.15
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TABLE 11. POST-INFECTION TREATMENT WITH SERUM

Control

average
incuba-

mortality tion
period
(days)

0.25 i.m. 1.3 NYC 10/10 44.0 31 620 10/10 32.51 hour after challenge

0.25 i.m. 8 NYC 14/15 30.6
local

1 hour after challenge 0.25 i.m. 8 NYC 15/15 34.4 1 040 13/14 17.0

24 hours after challenge 0.25 s.c. 8 NYC 15/15 26.8 1 040 13/14 17.0

1 hour after challenge 0.25 in.m 16 NYC 23/25 26.9 478 24/25 18.7

1 hour after challenge 0.25 in. 12.6 Mar- 12/12 28.0 3 165 11/12 19.4
muthu

* Route: i.m. = intramuscular; s.c. = subcutaneous.
** ND = neutralizing doses against challenge virus.

1 040 13/14 17.0

TABLE 111. POST-INFECTION TREATMENT WITH SERA FROM DIFFERENT SPECIES

Control
Average

Serum Dose incuba- Seuavrg
(1 hour after Route* Challenge Modtality tion NDru avncua-e
challenge) (ml) LDso period moality tinon

(days) ~~~~~period
(days)

Rabbit serum L 0.25 i.m. 9 NYC 10/10 50.4 1 862 10/10 20.2

Human serum from 1.0 i.m. 3.2 NYC 9/10 47.2 2512 10/10 44.2
treated patients

Serum from guinea-pigs
immunized with 1.0 i.m. 3.2 NYC 7/10 71.7 3162 10110 44.2
vaccine PIC

Serum from guinea-pigs
which survived
NYC challenge

1.0 3.2 NYC 2/,

Serum from guinea-pigs
immunized with 1.0 i.m. 11.3 NYC 10/
vaccine PIC and
surviving NYC
challenge

* Route: i.m.= intramuscular.
ND = neutralizing doses against challenge virus.

27.5 48

IS 62.4 182

10/10 44.2

14/15 23.5

1 hour after challenge
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Some of the good results reported have been with sera produced in
rabbits. With a view to determining whether the species of animal from
which serum was produced made a difference, sera from (a) rabbits, (b)
treated patients, (c) guinea-pigs immunized with various vaccines and (d)
guinea-pigs which survived different challenges with or without treatment
were tried.15 The important findings are presented in Table III.

The results indicate that antirabies rabbit serum L as well as serum
from treated patients given intramuscularly, 1 hour after challenge, had
no saving effect although their neutralizing antibody content was high.
There was some evidence, although not statistically significant, of protec-
tion in the group treated with serum from guinea-pigs immunized with
5 % Semple vaccine PIC. The protection, however, was best in the small
group treated with serum from guinea-pigs which had escaped infection
after challenge with NYC virus, although the antibody content of the
serum was very low. The experiment was repeated with serum from guinea-
pigs which were immunized with 5 % Semple vaccine and had survived a
challenge with NYC virus with some evidence, although not statistically
significant, of protection, although the challenge proved to be severe (11.3
LD50 NYC). An interesting observation in animals treated with guinea-
pig sera is the marked prolongation of the incubation period.

Discussion

Some of the main drawbacks in the experimental work reported so far
on antirabies serum have been mentioned earlier. An attempt has been
made to overcome them as follows. (1) The same lyophilized batch of the
NYC or Marimuthu strain of street virus has been used for challenge
purposes in all these experiments. (2) Only infected canine salivary gland
suspensions have been employed for challenge. (3) The quantity of ino-
culum and the mode of challenge have been kept constant. (4) The number
of LD50 of challenge used in each experiment has been determined. (5) The
quantity of serum given as well as the route of administration correspond
to those obtaining in human treatment. (6) The neutralizing antibody
content of the serum given in relation to the street virus challenge used
has been determined in each case. (7) All animals were observed for a
sufficiently long period.

In the experiments described above no significant saving could be
demonstrated among animals challenged with the NYC or the Marimuthu
strain of street virus and treated with serum L or PIC before or after infec-
tion. Antirabies serum alone, while considerably prolonging the incubation
period, had no saving effect. Ahuja et al.1 have reported similar results
using various sera for treatment and street virus from the brains of infected
animals given intramuscularly as challenge. Although the conditions of
the experiments were similar to those employed by Koprowski, Van der
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Scheer & Black 12 and the strain of challenge virus was the same, it was not
possible to demonstrate any protection with serum alone. The fact that
serum administered before infection in large doses intramuscularly and
intracerebrally could not protect the animals emphasizes the inefficacy of
serum therapy alone. These findings, together with the observation that
sera containing a high concentration of neutralizing antibody obtained from
solidly immune animals confer no protection, while the animals themselves
can stand severe challenges, throw doubt on the validity of the practice of
evaluating protective power only in terms of the neutralizing antibody
level in blood.

An interesting observation in this study was that good protection could
be obtained when serum homologous to the particular strain of challenge
virus was administered. This finding would explain the good results obtained
by Habel,5 Ishi8 and others, who have used fixed virus for challenge and
sera raised against the same or antigenically similar strains of fixed virus
for treatment.

The protection afforded by even very small quantities of homologous
serum is striking compared with the consistent failure following treatment
with massive doses of heterologous serum, even when administered before
infection.

Further, the considerable prolongation of the incubation period in
animals given sera from guinea-pigs raised against even heterologous
strains of virus would indicate that the value of immune serum from the
same species of animal is superior to that obtained from other species.

It would therefore appear that for best results it is essential that the
serum should be homologous to the strain of virus as well as the species
of animal. Such a possibility would rule out the use of serum alone in
human treatment in view of the obvious difficulty of obtaining immune
serum raised in man against the particular strain of virus introduced by
the bite of a rabid animal.

Phenolized Antirabies Vaccine Therapy

Many workers believe that antirabies vaccine given after infection is of
little or no value in experimental animals. While this may be true, the
belief that phenolized vaccines are of little value in the post-infection
treatment of human beings would appear to be unjustified. The excellent
results obtained with phenolized vaccines in India are hard to explain if
this assumption is correct.

In view of the recent trends to minimize the efficacy of phenolized
antirabies vaccine, its value in experimental rabies was reassessed using
the latest techniques employed for determining the protective value of
antirabies sera and the chicken-embryo-adapted rabies vaccine.
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Results

Pre-infection treatment with vaccine

The protective value of 5 % Semple vaccine administered under various
conditions before infection was investigated. The results are summarized
in Table IV.

TABLE IV. PRE-INFECTION TREATMENT WITH VACCINE

Vaccine started Dosage Challenge Mortality Control

7 days before challenge 7 x 1 ml 16 NYC 0/25 24/25

7 days before challenge 7 x 1 ml 8 NYC0_15 13/14

5 days before challenge 7 x 1 ml 8 NYC 2/15 13/14

3 days before challenge 7 x 1 ml 8 NYC 5/15 13/14

1 day before challenge 7 x 1 ml 8 NYC 12/15 13/14

7 days before challenge 7 x 0.3 ml 8 NYC 0/10 10/10

4 days before challenge 7 x 0.3 ml 8 NYC 10/10 10/10

7 days before challenge 7 x 0.15 ml 1.3 NYC 7/10 10/10

7 days before challenge 7 x 0.3 ml 12.6 4112 11/12
Mari muth u

There was complete protection against a severe challenge of 16 LD50
of NYC with 1 ml of vaccine given daily, for 7 days before infection. When
started 7, 5, 3 days and 1 day before a challenge of 8 LD50, the mortality
rates were 0, 130%, 33% and 800% respectively. These findings would
suggest that with a large dose of vaccine it is possible to protect about
two-thirds of the animals provided the treatment is started 3 days before
challenge.

There was no mortality among animals treated with 0.3 ml of vaccine
daily, when the treatment was started 7 days before challenge. There was,
however, no protection when the same treatment was started 4 days before
challenge. The total dose of 2.1 ml corresponds tco a Class III (severe
exposure) dosage of 140 ml for a person weighing 70 pounds or more.
The protection was poor even against a mild challenge of 1.3 LD50, when.
the total quantity of vaccine administered was halved by giving 7 x 0.15 ml,
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indicating that the dosage of vaccine necessary to give adequate protection
cannot be reduced beyond a certain minimum.

Good protection was also obtained against a severe challenge with the
Marimuthu strain of street virus with 7 x 0.3 ml of vaccine started 7 days
before challenge.

The value of single and multiple doses of vaccine in the pre-infection
treatment of animals is summarized in Table V.

TABLE V. PRE-INFECTION TREATMENT WITH SINGLE AND
MULTIPLE DOSES OF VACCINE

Vaccine started Dosage Challenge Mortality Cortolity

7 days before challenge 14 x 0.15 ml 8 NYC 0/10 10/10

7 days before challenge 7 x 0.3 ml 8 NYC 2/14 13/14

7 days before challenge 2.1 ml 8 NYC 715 13/14
(one dose)

4 hours before challenge 2.1 ml 8 NYC 14115 13/14
(one dose)

7 days before challenge 7 x 0.3 ml 11.3 NYC 0/15 14/15

7 days before challenge
and 1 day before 0.7 ml 11.3 NYC 3115 14/15
challenge 1.4 ml

(two doses)

It was found that there was no mortality among animals given 14 doses
of 0.15 ml, while the mortality was about 140% in the group which received
7 x 0.3 ml, the treatment in both cases having been started 7 days before
challenge. The protection was about 50% when the 2.1 ml of vaccine were
administered in a single dose, 7 days before challenge, compared with 93 %
mortality when they were given 4 hours before challenge. The survival rate
was 80% when the vaccine was given in 2 doses of 0.7 ml 7 days before
challenge and 1.4 ml 1 day before challenge, while there was no mortality
in the group which received 7 x 0.3 ml.

In experiments using vaccines prepared from sheep brains, whose virus
content varied tenfold to 100-fold, it was found that the antigenicity of the
vaccine was not necessarily proportional to the virus content of the brain
used for vaccine production. A vaccine prepared from the brains of infected
guinea-pigs gave excellent protection though the virus titre of the brains
was low.15

951



952 N. VEERARAGHAVAN, A. BALASUBRAMANIAN & T. P. SUBRAHMANYAN

Post-infection treatment with vaccine

The protective value of 5 % Semple vaccine administered under various
conditions after infection was investigated. The results are summarized in
Table VI.

TABLE VI. POST-INFECTION TREATMENT WITH VACCINE

Vaccine started Dosage Challenge Mortality ControlLD5o Mraiy mortality

1 hour after challenge 7 x 1 ml 16 NYC 17/25 24/25

1 hour after challenge 7 x 1 ml 11.3 NYC 11/15 14/15

1 hour after challenge 7 x 0.3 ml 8 NYC 10/10 10/10

1 hour after challenge 14 x 0.15 ml 8 NYC 7/10 10/10

1 hour after challenge 7 x 1 ml 12.6 11/12 11/12
Marimuthu

1 hour after challenge 7 x 0.3 ml 12.6 12112 11j12
I Marimuthu

There was some evidence of protection among animals given 7 x 1 ml
of vaccine even though the treatment was started 1 hour after a challenge
of 16 LD50. The mortalities were 730% and 680% against challenges of 11.3
LD50 and 16 LD50 of NYC respectively. But the administration of 7 x 0.3
ml had no saving effect against 8 LD50 NYC. The mortality was only
700% against the same challenge when the 2.1 ml of vaccine were adminis-
tered in 14 equal doses of 0.15 ml, when the treatment was started 1 hour
after challenge. Although there was some saving by using 14 instead of
7 doses, the results are not statistically significant. Subsequent unpub-
lished work, however, indicates that the immunizing value is better when
the vaccine is administered in 14 instead of 7 doses.

There was no evidence of protection among animals treated with 7 x 1 ml
or 7 x 0.3 ml of vaccine when the treatment was started 1 hour after chal-
lenge with 12.6 LD50 of the Marimuthu strain of virus.

Discussion

The results of experiments to assess the value of phenolized antirabies
vaccine under conditions similar to those employed for determining the
antigenicity of chicken-embryo-adapted rabies vaccine are interesting.
These findings clearly indicate that excellent results could be obtained
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against foreign and Indian strains of street virus with very small amounts
of vaccine, corresponding to human doses, provided the treatment was
started 7 days before challenge. The protection was not so good when the
same quantity of vaccine was given in 1 or 2 doses before infection.

The best results, however, were obtained when the vaccine was admi-
nistered in 14 doses instead of 7. This is indicated by the fact that there
was some survival among animals given 2.1 ml of vaccine in 14 equal doses
of 0.15 ml, even when the treatment was started 1 hour after challenge.

Habel,6 using fixed virus for challenge, has reported that all dosage
schedules produced immunity and good antibody levels in mice. He found
that 12 daily doses of vaccine gave no better results than the same amount
of vaccine divided into 3 or 4 doses. In another series of experiments, our
results in guinea-pigs challenged with street virus were similar when the
treatment was started 14 days before challenge. But when it was started
7 days before challenge, the differences in antigenic value of single, double
and multiple doses manifested themselves. These findings would appear
to be important in any scheme to reduce the number of doses of vaccine.

As Ahuja et al.1 point out, the incubation period in man is, as a rule,
considerably longer than in laboratory animals. The fact that they could
be protected with a quantity of vaccine corresponding to the human dose,
as long as it was given 7 days before challenge, would explain the excellent
results obtained with phenolized vaccines in India.

An interesting observation was that almost all the animals treated with
serum and challenged with the NYC virus showed signs of furious rabies
and a large number of Negri bodies were demonstrable in their brains.
The same was the case with animals given the control material prepared
from the brains of normal sheep. On the other hand, animals which suc-
cumbed to the infection in spite of treatment with vaccine generally died of
paralytic rabies and Negri bodies were either scanty or absent. This would
suggest that the modes of action of antirabies serum and vaccine are
different.

Combined Serum and Phenolized Vaccine Therapy

In view of the conflicting reports 1, 5, 7, 12, 13 regarding the value of
combined serum and vaccine therapy, studies were undertaken to assess
its efficacy in experimental animals under conditions closely resembling
those obtaining in human treatment. Considering the enormous expen-
diture an indiscriminate routine use of antirabies serum would entail in
countries where rabies is widely prevalent, it was deemed essential to deter-
mine the optimum conditions under which serum used as an adjunct to
vaccine therapy would prove most useful and also to define its limitations.
The important findings are presented in this section.
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Results

Pre-infection treatment with serum and vaccine

With a view to investigating whether the administration of serum along
with vaccine interfered with the development of immunity, varying doses
of serum were given on the first day of treatment with vaccine, 7 x 0.3 ml,
started 7 days before a challenge of 8 LD50 of NYC. The results are given
in Table VII.

It was found that there was no mortality among animals which received
the vaccine alone, while there were deaths due to rabies among some groups
treated with serum and vaccine, suggesting the possibility that serum at
certain concentrations might interfere with the protection conferred by the
vaccine. The results also indicated that serum administered before infec-
tion on the last day of treatment did not upset the immunity due to vaccine
therapy.

TABLE Vil. POST-INFECTION TREATMENT WITH DIFFERENT DOSES OF
SERUM L AND VACCINE

* ND = neutralizing doses against challenge virus.
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Post-infection treatment with serum and vaccine

The optimal dosage of serum which would give the best results with
7 x 0.3 ml of vaccine was investigated. The results are summarized in
Table VIII.

It was found that there was no protection among animals given the
vaccine alone when the treatment was started 2 hours after a challenge of
8 LD50 of NYC. The mortality was minimum (10%) in the group which
received 0.25 ml of a 1: 5 dilution of the serum L in addition to vaccine
therapy. Combined therapy with heavy doses of serum and of vaccine
gave results slightly superior to those obtained with vaccine treatment alone.

The experiment was repeated using serum PIC and the NYC, Mari-
muthu and Masuli strains of street virus for challenge. The results are
presented in Table IX.

The mortality was the minimum (20%) when 0.25 ml of a 1: 30 dilu-
tion of serum PIC was given together with vaccine, both being started
1 hour after a challenge of 9 LD50 of NYC virus. The best results were
also obtained with the same quantity of serum and vaccine when 9 LD50
of the Marimuthu strain or 16.8 LD50 of the Masuli strain were used for
challenge. These results confirm the observations with serum L and vaccine
that for good results an optimum relation between the dosage of serum
and vaccine has to be maintained.

In studies to determine the optimum interval between serum and vaccine
administration,15 the best results were obtained when both were started
1 hour after exposure. The protection was good when serum was
given 1 hour after challenge and vaccine started 24 hours after infection.
But when vaccine therapy was postponed the results were not satisfactory.
The results, however, suggested that combined serum and vaccine therapy
might be of some value when started up to 6 days after challenge.

The value of using vaccines prepared from sheep brains varying in virus
content, keeping the serum dosage constant, was investigated. The results
are presented in Table X.

The best result was not obtained with the vaccine prepared from the
brain whose virus content was the highest, suggesting that the optimum
amount of serum did not depend only on the dosage of vaccine and that it
might have some relation to its antigenicity.

Discussion

Habel 5 and Berke & Turkay4 have reported that the results with serum
prophylaxis when used against street virus were better when combined
with vaccine treatment, while Koprowski, Van der Scheer & Black 12 found
that vaccine treatment of exposed animals seemed neither to enhance nor
to decrease the protective power of serum. Our results indicate that com-
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TABLE IX. POST-INFECTION TREATMENT WITH DIFFERENT DOSES OF
SERUM PIC AND VACCINE AGAINST VARIOUS STRAINS

Serum PIC,
intramuscular, 1 hour

after challenge

dilution dose (ml)

1: 3 0.25

1:15 0.25

1:30 0.25

1:3 0.25

1 :15 0.25

1:30 0.25

1:3 0.25

1 :15 0.25

1 :30 0.25

Vaccine * Challenge Mortality Serum
LD5o ND

7 x 0.3 ml 9 NYC 7/10 3333

7 x 0.3 ml 9 NYC 5/10 666

7 x 0.3 ml 9 NYC 2/10 333

7 x 0.3 ml 9 Marimuthu 7/10 4930

7 x 0.3 ml 9 Marimuthu 4/10 986

7 x 0.3 ml 9 Marimuthu 3/10 493

7 x 0.3 ml 16.8 Masuli 9/10 333

7 x 0.3 ml 16.8 Masuli 8/10 67

7 x 0.3 ml 16.8 Masuli 5/10 33

Control
mortality

10/10

10/10

10/10

9/10

19/10

9 l10

10/10

10/10

10/10

* Vaccine administered, daily, subcutaneously; started 1 hour after challenge.
** ND = neutralizing doses against challenge virus.

TABLE X. POST-INFECTION TREATMENT WITH SERUM L AND VACCINES
PREPARED FROM SHEEP BRAINS VARYING IN VIRUS CONTENT

Serum L, intra-
muscular, 1 hour Vaccine *
after challenge Challenge Mortality Serum Control

LD50 otlt ND t mortality

dilution dose (ml) brain virus dosagetitre * dsg

neat 0.25 > 7.4771 7 x 0.3 ml 9 NYC 6/10 2884 10/10

1: 5 0.25 > 7.4771 7 x 0.3 ml 9 NYC 7/10 577 10/10

1 5 0.25 > 6.4771 7 x 0.3 ml 9 NYC 3/10 577 10/10

1: 5 0.25 > 5.4771 7 x 0.3 ml 9 NYC 7/10 577 10/10

1: 5 0.25 < 5.4771 7 x 0.3 ml 9 NYC 6/10 577 10/10
I~~~~

* Vaccine administered daily, subcutaneously; started 1 hour after challenge.
** Brain virus titre expressed as reciprocal of logarithm (titrated intracerebrally in guinea-pigs).
t ND = neutralizing doses against challenge virus.
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bined serum and vaccine therapy is of considerable value under certain
conditions.

The dosage of serum (0.5 ml per kg of body-weight) recommended for
human treatment is based on the work of Koprowski and co-authors.'2 In
our experiments, using a dosage of vaccine corresponding to the human
treatment and serum L, it was found that the best results were obtained
when one-fifth of the dosage recommended was employed. The results
were poorer with larger as well as smaller doses, suggesting that an optimum
relation between the dosage of serum and vaccine has to be maintained for
good results.

Atanasiu et al.,2 from a study of rabies neutralizing antibody response
to different schedules of serum and vaccine inoculations in non-exposed
persons, reported that the evidence was inconclusive with respect to the
early presence of antibody from the antiserum possibly affecting the later
antibody response caused by the phenolized vaccine. The poorer results
obtained by us with larger doses of serum, the mortality among animals
which received certain concentrations of serum and vaccine before infec-
tion, and the poor antigenic value of in vitro mixtures of serum and vaccine
suggest the possibility of interference between the antigen in the form of
vaccine and antibody in the form of serum. The recent observations of
Habel 6 support this view.

The best results 15 were obtained when serum and vaccine were started
as early as possible. There was no advantage in giving serum first and
following it 24 hours later with vaccine as suggested by Koprowski and
co-authors.'2

Protection was considerably less when vaccine treatment was started
6 days after serum, as recommended by Habel.5

The experiments suggested that combined serum and vaccine therapy
could be useful when started up to 6 days after infection. After this period
the administration of serum did not appear to be of much value.

The optimum relationship of the dosage of serum and vaccine to be
administered for good results seemed to vary with the quality of the serum
and the antigenicity of the vaccine for the same dosage schedule. Using
the same batch of vaccine it was found that whereas one-fifth of the recom-
mended dosage gave good protection with serum L, the best results were
obtained with one-thirtieth of the dosage when serum PIC was employed.
It would therefore seem essential that the optimum dosage of each brand
of serum in relation to the vaccine used should be determined before embark-
ing on serum therapy.

Treatment with HEP Flury Vaccine alone and with Serum

In view of the findings of Koprowski & Black,9-11 experiments were
undertaken to determine the value of high egg passage (HEP) Flury vaccine
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in the pre-infection treatment of animals exposed to NYC and Marimuthu
strains of street virus and also its value when combined with antirabies
serum in post-infection treatment against these strains.

Results

The results of these studies are summarized in Table Xl.
There was very good protection when HEP Flury vaccine was given

intramuscularly 21 and 12 days before a challenge with 11.3 LD50 of the
NYC or 12.6 LD50 of the Marimuthu strain of street virus. But when
0.25 ml of serum L was given subcutaneously 24 hours after infection and
HEP Flury vaccine was given 24 hours later, the mortality was 33 % and
100% respectively among animals challenged with the NYC and Mari-
muthu strains.

TABLE XI. TREATMENT WITH HEP FLURY VACCINE WITH AND WITHOUT SERUM

Serum L,subcutaneous HEP vaccine
_---Challenge M artality Serum Control

started dose started dl Ction dose LD50 ND* mortality
(m l1) (m l1)

- - _ 21 days before :10 0.25 11.3 NYC 1/15 - 14/15
challenge

j- - | 12 days before 1 10 0.25 11.3 NYC 0/15 - 14/15
challenge

24 hours after 0.25 48 hours after 1 :10 0.25 11.3 NYC 5/15 3020 14/15
challenge challenge

- - 21 days before 1: 10 0.25 12.6
challenge Marimuthu 0,/12 - 11/12

- - 12 days before 1: 10 0.25 12.6 1/12 - 11/12
challenge Marimuthu

24 hours after 0.25 48 hours after 1 :10 0.25 12.6 11/11 3 162 11/12
challenge challenge _ Marimuthu

* ND = neutralizing doses'against challenge virus.

Discussion

Koprowski & Black9 found that HEP Flury vaccine given 18 days
before challenge afforded complete protection. Our experiments showed
that very good results could be obtained in animals given the vaccine
12 days before infection. The vaccine administered 7 days before challenge
conferred very little protection a compared with the excellent results obtained
with phenolized vaccine given in doses corresponding to human treatment.

a Unpublished data
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These findings would indicate that HEP Flury vaccine is of no value against
rabies when given after infection.

When serum was given 24 hours and HEP Flury vaccine 48 hours after
infection with the NYC strain of virus, the results were fairly good. On
the other hand, the combined treatment with serum and HEP Flury vaccine
conferred no protection against the Marimuthu strain of street virus, in
marked contrast to the good results obtained with serum and phenolized
vaccine against both the NYC and Marimuthu strains. These findings
would suggest that combined post-infection treatment with serum and HEP
Flury vaccine may not be of much value against fairly virulent strains of
street virus similar to those prevalent in India.

Conclusions

1. Under conditions which closely resemble those described by
Koprowski, Van der Scheer & Black 12 it was not possible to demonstrate
any protection among animals challenged with the NYC or the Marimuthu
strain of street virus and treated with serum before or after infection.
Antirabies serum alone, while definitely prolonging the incubation period,
had no saving effect with the challenge doses employed. The only condition
under which serum seemed to confer some protection was when it was
obtained from animals of the same species, which had survived an infection
with the particular challenge virus. This finding would suggest that a serum
homologous to the strain and species alone might be of value. Obviously,
this condition is impossible to obtain in practice.

2. With doses of phenolized antirabies vaccine comparable to those
administered to human beings it was possible to confer solid protection to
experimental animals against virulent strains of street virus provided the
treatment was, started 7 days before challenge. With larger doses of vaccine
the mortality rate could be reduced considerably if the treatment was
started only 3 days before infection. Even when treatment was started
after infection, there was evidence of some survival among animals given
the vaccine corresponding to the human dose in 14 instead of 7 doses. The
same results could be obtained by increasing the quantity of vaccine admi-
nistered about threefold. It is therefore obvious that phenolized vaccine
therapy should give excellent protection in human beings in whom the
incubation period is generally much longer than that obtaining in experi-
mental animals. These findings explain the excellent results obtained with
antirabies vaccine in the field. The indications for antirabies serum as an
adjunct to vaccine therapy would therefore be limited to those cases alone
where the incubation period is likely to be very short, as in experimental
animals.

3. Combined serum and vaccine therapy against the NYC and Mari-
muthu strains was of value under certain conditions. There appears to be
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an optimum relationship between the quantity of serum given and the
antigenicity and dosage of vaccine administered. The poorer results with
larger doses of serum, as well as the mortality among animals given certain
doses of serum and vaccine before infection, suggest the possibility that
there may be loss in the immunizing value of the vaccine due to the presence
of excess serum in vivo. Our later work supports this view.

From the trend of these results it would appear imperative that each
antirabies centre should work out the optimal dosage of its serum and
vaccine in experimental animals before embarking on combined therapy
in human beings. Otherwise, they may be doing more harm than good.

4. With the high egg passage (HEP) Flury vaccine the results of pre-
infection treatment were excellent, while the protection was less when
serum and HEP vaccine were given after infection against a challenge with
the NYC strain. On the other hand, combined treatment with serum and
HEP vaccine conferred no protection against the Marimuthu strain of
street virus. This is in marked contrast to the good results obtained with
serum and phenolized vaccine against both the NYC and Marimuthu
strains. It would therefore appear that combined treatment with serum
and HEP Flury vaccine may not be of much value against fairly virulent
strains similar to those prevalent in India.
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RESUME
Le degre de protection contre le virus confere par le vaccin, le serum ou leur combi-

naison, a ete etudie experimentalement a l'Institut Pasteur de l'Inde du Sud. Les essais
ont ete faits sur le cobaye; des suspensions lyophilisees de glandes sous-maxillaires de
chien infect6es par le virus des rues NYC, ou par les virus locaux Marithumu ou Masuli,
ont ete utilisees comme souches d'epreuve.

Les experiences, dont l'ex6cution est d6crite en dMail dans l'article, ont conduit les
auteurs aux conclusions suivantes:

Le serum antirabique seul, administr6 avant qu apres injection de virus, tout en
prolongeant le temps d'incubation, n'a pas protege les cobayes contre une dose d'epreuve
de virus NYC ou Marimuthu. Une certaine protection s'est manifestee toutefois lorsqu'il
s'agissait de serum provenant de la meme espece animale, ayant resist6 'a une dose
d'epreuve de la souche de virus en question. It semblerait donc que la protection par
le s6rum ne soit effective que si l'on emploie un serum de la meme esp&ce animale,
prepare avec la meme souche de virus que celle qui constitue la dose d'epreuve. I1 va sans
dire que ces conditions ne sont pas celles de la pratique.

Des doses de vaccin phenique (Semple) a 5%, comparables a celles qui sont admi-
nistrees aux sujets humains ont protege les animaux d'exp6rience contre une dose
d'6preuve de virus des rues, dans les cas oui le traitement avait d6but6 7 jours avant
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l'administration de la dose d'epreuve. Des quantites de vaccin superieures aux prece-
dentes ont reduit de beaucoup la mortalite lorsque le traitement etait applique 3 jours
avant l'injection d'eprevve. Le vaccin phenique, administre m8me apres infection, a assure
la survie de quelques animaux ayant requ la dose <(humaine* de vaccin en 14 injections
au lieu de sept. En triplant la dose de vaccin, on obtient le meme resultat. II est donc evi-
dent que le vaccin phenique assurera une tres bonne protection a l'homme, chez lequel
le temps d'incubation est plus long que chez l'animal d'experience. Ainsi s'expliquent
les excellents resultats de ce traitement dans la pratique. L'adjonction de serum au trai-
tement par le vaccin phenique ne serait donc indiquee que dans les cas ou l'on prevoit
que la periode d'incubation sera courte, comme c'est le cas chez les animaux d'experience.

La combinaison s6rum+vaccin s'est montree efficace dans certaines circonstances.
11 semble qu'il existe un rapport optimum entre la quantite de serum administree, d'une
part, et l'antigenicite du vaccin et la posologie d'autre part. Des resultats moins satisfai-
sants ont e obtenus lorsqu'on utilisait des quantites de serum plus elev&s, et l'on a
constate une mortalite plus forte chez les animaux ayant recu du serum et du vaccin A
certaines doses, avant infection. Ces faits laissent supposer que la presence d'un exces
de serum in vivo entraine une perte de pouvoir immunisant du vaccin. Il parait desormais
souhaitable que chaque centre prepose au traitement antirabique mette au point, sur
l'animal d'experience, la posologie la meilleure pour l'usage judicieux du vaccin et du
serum, de fagon que le traitement n'agisse pas A fins contraires.

Les resultats du traitement preventif par le vaccin Flury HEP ont e excellents;
ceux du traitement apres infection (par le virus NYC) au moyen de vaccin HEP+serum
ont ete nettement moins bons. Le traitement combine vaccin+serum, administre apres
infection, n'a confere aucune protection contre le virus Marithumu. Ces resultats contras-
tent avec la protection efficace conf&ree par le serum+vaccin Semple contre l'infection
par les souches NYC et Marimuthu. Il semble donc que le traitement post-infection par
serum+vaccin HEP ne soit pas de grand secours contre les souches assez virulentes de
virus des rues que l'on rencontre dans l'Inde.

REFERENCES
1. Ahuja, M. L. et al. (1951) Indian J. med. Res., 39, 433
2. Atanasiu, P. et al. (1956) Bull. Wld Hlth. Org., 14, 593
3. Babes, V. & Lepp (1889) Ann. Inst. Pasteur, 3, 385
4. Berke, Z. & Turkay, N. (1956) Turk. 1j. tecr. Biyol. Derg., 15, 317
5. Habel, K. (1945) Publ. Hlth. Rep. (Wash.), 60, 545
6. Habel, K. (1956) Bull. Wld Hlth Org., 14, 613
7. Indian Council of Medical Research, Scientific Advisory Board (1954) Technical

report ... for the year 1953, New Delhi
8. Ishi, K. (1952) Jap. J. exp. Biol. Med., 5, 159
9. Koprowski, H. & Black, J. (1954) J. Immunol., 72, 79

10. Koproswki, H. & Black, J. (1954) J. Immunol., 72, 85
11. Koprowski, H. & Black, J. (1954) J. Immunol., 72, 503
12. Koprowski, H., Van der Scheer, J. & Black, J. (1950) Amer. J. Med., 8, 412
13. Tunqman, Z. M. (1956) Agir kuduz isiklarinda kuduz serumunun koruyucu degeri ve

mukayeseli sonu9lari hakkinda (La valeur du serum antirabique dans la prophylaxie
de la rage), Istanbul, p. 13

14. Veeraraghavan, N. et al. (1956) Recent advances in rabies : an experimental evaluation.
In: Pasteur Institute of Southern India, Annual report of the Director, 1954, and
scientific report, 1955, Madras, p. 54

15. Veeraraghavan, N. et al. (1957) Advances in antirabies treatment: an experimental
evaluation. In: Golden Jubilee Souvenir, 1907-1957, Pasteur Institute of Southern
India, Madras, p. 77


