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SYNOPSIS

Groups of mice were immunized with the same total quantity of
an ultraviolet irradiated killed virus vaccine given in varying numbers
of divided doses spaced at varying time intervals. All mice were
bled just before being challenged by intracerebral inoculation of
fixed virus and the sera tested for level of neutralizing antibodies.
All dosage schedules produced immunity and good antibody levels.
Twelve daily doses of vaccine gave no better results than the same
amount of vaccine divided into 3 or 4 doses. A dose of vaccine at or
after the 10th day from the start of immunization seemed to act as
a " booster" to the primary response to the earlier doses.

Several considerations make it worth while to investigate possible
changes in the usual schedule for rabies vaccine of 14 to 21 daily doses, as
it is used in man. Under any circumstances a course of vaccine for the
prevention of rabies in man is a relatively severe procedure, accompanied
by a great deal of discomfort and inconvenience. Furthermore, experi-
mental work in animals indicates that the occurrence of post-vaccinal
encephalomyelitis may be dependent upon the amount of brain material
injected in the form of vaccine and on the repeated antigenic stimuli
resulting from the number of doses given.

As a preliminary step in investigating the possibility of reducing the
number of doses of vaccine while still achieving the same degree of specific
immunity the present experiments were carried out in mice.

Methods

Immunization of mice
Female Swiss white mice, 3 to 4 weeks of age, were immunized intra-

peritoneally with varying amounts of vaccine at varying intervals as indicated

- 613 -486



614 K. HABEL

in Table I, in such a way that all groups received the same total amount of
antigen. The vaccine used was a commercially prepared, ultraviolet
irradiated, killed virus vaccine made from infected rabbit brains and was
inoculated into the mice as a 0.6% brain emulsion.

Bleeding schedule and neutralization test

On the 14th day after the first dose of vaccine a representative sample of
mice in each group was bled from the heart. The pooled sera were tested
by a quantitative serum dilution method which has been described else-
where 1 against 320 LD50 of standard fixed challenge virus strain (CVS)
using 5 mice inoculated intracerebrally with each serum dilution virus
mixture.

The end-points given in Table I are Reed & Muench 50% end-points
representing that dilution of serum which would have protected 50% of
the mice against 320 LD50 of virus.

Challenge of immunity

On the 15th day after the first dose of vaccine all mice in each group
were divided into 5 subgroups (10-12 mice in each) and challenged intra-
cerebrally with 10-1-10-5 dilutions of the standard CVS fixed rabies virus
along with a titration of the virus infectivity end-point in control mice.
The experiment was terminated 14 days later and 50% end-points were
determined. Results in Table I are expressed as the logs of challenge virus
which would have been resisted by 50% of the mice.

Results and Discussion

Results are summarized in Table I. It can be seen that a fair degree of
protection to intracerebral challenge and a good antibody response were
obtained with all the dosage schedules employed. However, it is of special
interest to note that approximately the same degree of protection resulted
when the same amount of vaccine was given in 3 doses at 5-day intervals
and in 12 daily doses. Furthermore, slightly better antibody levels were
reached when the antigenic dose was divided into 4 doses as in groups L
and M than following the 12-daily-dose schedule in group A.

When results in groups receiving the same number of doses of vaccine
but at different time intervals are compared (groups C and E; groups F,
K, and 0; groups G, H, and M), there are consistently higher levels of
protection and antibody in the groups receiving the last dose of vaccine on
or after the 10th day. This would appear to be due to the fact that a basic
antigenic stimulus is received from the first one, two, or three doses, and

1 Habel, K. & Koprowski, H. (1955) Bull. Wld Hlth Org. 13, 773



EFFECT OF VARIATION OF RABIES VACCINE DOSAGE 615

TABLE I. EFFECT OF DOSAGE SCHEDULE ON IMMUNITY TO INTRACEREBRAL
CHALLENGE AND NEUTRALIZING ANTIBODY RESPONSE IN MICE*

Serum dilution
Group Dose Days LD,, Protection5 ne utriz(ml) ~~~~~~ ~ ~~~~(logs)tion

A 0.1 1, 2, 3, 4, 5, 6, 7, 8, 3.7 187
9, 10, 11, 12

B 0.4 1, 5, 10 3.4 56

C 0.6 1,10 2.9 80

D 0.2 1, 3, 5, 8, 10, 12 4.1 68

E 0.6 1,8 2.2 32

F 0.4 1, 2, 8 2.2 46

G 0.3 1, 2, 3, 8 2.2 56

H 0.3 1,2, 3, 10 3.3 187

K 0.4 1, 2, 10 2.6 95

L 0.3 1,2, 8, 12 3.3 279

M 0.3 1, 2, 3, 12 3.3 279

O 0.4 1,2, 12 2.6 162

* Ultraviolet irradiated vaccine was used diluted to 0.6% suspension. Intraperitoneally
immunized mice were bled on the 14th day and challenged intracerebrally on the 15th day.

later doses exert a " booster" effect. If this booster is applied at the 10th
or 12th day it is more effective than when given on the 8th day.

Of course, the rapidity of development of immunity is of great impor-
tance in the post-exposure prophylactic use of rabies vaccine in man, and
in the experiments here reported no attempt was made to evaluate this
factor since both immunity to challenge and antibody response were
measured 2 weeks after the start of immunization. Previous experiments
in mice I have shown that even with daily doses of vaccine no immunity to
challenge can be demonstrated before the 11th to 12th day, and experiments
in humans on a daily dose schedule, which will shortly be published, indicate
that antibody can usually not be demonstrated before the 14th day.

Although the correlation is not complete, there is a tendency for the
degree of immunity to challenge to parallel the amount of circulating
antibody present at the time of challenge. This, of course, does not
necessarily indicate that the immunity to intracerebral challenge is entirely
due to the presence of serum antibody. Determination of the relationships
between immunity and antibody levels and evaluation of the relative
importance of serum antibody in the prevention of rabies under natural
conditions of exposure and vaccine use in man must await results of more
complex animal experiments.

1 Habel, K. (1940) Publ. Hlth Rep. (Wash.), 55, 1473
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RItSUMIt

Des 6tudes ont e6 entreprises en vue de limiter la dur6e et de diminuer les incon-
venients du traitement prophylactique de la rage, qui s'6tend actuellement sur une periode
de 14 a 21 jours. Des recherches pr6liminaires ont 6te faites sur des souris suisses femelles,
agees de 3-4 semaines. Ces animaux ont ete inocules par voie intraperitoneale selon
difftrents schemas de vaccination. Tous ont recu la meme dose totale de vaccin, soit
1,2 ml de vaccin commercial, irradie par les UV, prepare sur encephale de souris et utilise
sous forme d'emulsion a 0,6 %.

Le 14e jour apres la premiere injection, le niveau des anticorps neutralisants a e
evalue sur un melange de serums provenant de quelques souris de chaque groupe. Le
15e jour apres la premiere injection, les souris de chacun des groupes correspondant 'a
un schema de vaccination ont recu des dilutions de 10-1 a 10- de virus fixe standard et
le point terminal 50 % a ete d6termine 14 jours plus tard.

Tous les schemas de vaccination ont assure un degre de protection satisfaisant et une
bonne reponse-anticorps. Une protection 'a peu pres 6gale a 6te provoquee par le vaccin
administre en trois doses (le ler, le 5e et le Ioe jour) ou en 12 doses journalieres. I1 semble
que les premiere, seconde et troisieme doses provoquent la stimulation antigenique et
que les doses ulterieures aient un effet de rappel. Cet effet est plus accuse si la dose de
rappel est administree le boe ou le 12e jour plutot que le 8e jour.

Un certain parallelisme entre l'immunite a la dose d'epreuve et la quantite d'anticorps
circulants au moment de l'administration de la dose d'epreuve semble se degager de
l'analyse des resultats. Cela n'implique cependant pas que la resistance La l'infection
d'6preuve par voie intracerebrale soit due uniquement aux anticorps seriques. Des
experiences ulterieures sur l'animal apporteront des precisions sur ce point.
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