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Isogeneic versus Allogeneic Antiserum in the
Prophylaxis of Experimental Rabies

KARL HABEL, M.D.1

With a view to establishing whether rabi?s antiserum derivedfrom a species genetically
identical to a challenged recipient would increase or decrease its effectiveness compared
with that of allogeneic antiserum, rabies immune sera produced in an inbred strain of
mice and in donkeys were tested, either alone or with a course of vaccine inoculations,
in mice of the same strain a few hours after intramuscular challenge with fixed CVS rabies
virus. Surviving mice were bled at intervals over a year and the rabies antibodies assayed
in pooled sera.

There was no evidence that the isogeneic antiserum was either more or less effective
than the allogeneic, nor was there a difference between the two in the decay of passive
antibody; similarly, there was no marked difference in their ability to interfere with the
active production of antibody resulting from the highly potent vaccine used.

It is now well established that the combined use
of a single dose of antirabies serum with a course of
vaccine is the best specific prophylactic treatment
after exposure of man to rabies (Habel, 1945;
Baltazard & Bahmanyar, 1955; Atanasiu et al., 1956).
However, both the antiserum and the vaccines at
present available for human use are crude products
and capable of causing severe and even fatal reac-
tions. The presently used antiserum is a horse
serum product--either whole serum or gamma-
globulin derived from it. The foreign protein nature
of these products and the large doses usually required
increase the possibility of detrimental immunological
reactions in the treated patient.
For these reasons the suggestion has been made

that human sources of antirabies serum be investi-
gated as a means of eliminating possible reactions.
This raises two questions. Can effective antibody
levels be produced in human donors, and will the use
of homogeneic antiserum introduce some immuno-
logical factors which would reduce the efficacy of
the combined antiserum-vaccine prophylaxis? The
latter question is of particular importance since it
has already been demonstrated both in experimental
animals (Habel, unpublished and in man (Atanasiu
et al., 1957) that the specific antibody introduced

I Laboratory of Biology of Viruses, National Institutes
of Health, Bethesda, Md., USA. Present address: Depart-
ment of Experimental Pathology, Scripps Clinic and Re-
search Foundation, La Jolla, California 92037, USA.

in the antiserum has a dampening or interfering
effect upon the antigenicity of the vaccine. This can
be overcome in the case of horse antiserum only
by th- use of a longer course of vaccine with booster
doses. Since homogeneic antiserum would proba-
bly persist longer owing to lack of immunological
elimination of a foreign protein, it is possible that
this interference effect would be greater than in the
case of allogeneic antiserum.
To investigate this question in a quantitative way

and in a system where protection against virus chal-
lenge could be employed as well as the testing of
active antibody response to vaccine, the experiments
reported in this paper were carried out in mice.
In order to eliminate as many variable factors as
possible except the one being tested, inbred mice
were used along with antirabies serum and vaccine
produced in the same strain of mice. Donkey serum
was the allogeneic antiserum. Large groups of
mice were quantitatively challenged by a peripheral
inoculation of rabies virus and then treated with
each type of antiserum either alone or combined
with a course of vaccine, and one group received
vaccine alone. The survivors of this experiment
along with- unchallenged immunized controls were
bled at intervals over a 1-year period for serum
antibody tests. At that time animals in each group
were given a single booster dose of vaccine and
tested for resistance to challenge as well as for
antibody response.
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MATERIALS AND METHODS

Mice

Inbred Balb C mice from the National Institutes
of Health animal colony were used throughout these
experiments.

Virus

The CVS strain of fixed rabies virus was inoculated
into 5-day-old Balb C mice for the production of a
challenge virus pool and for source virus in vaccine
production. This pool had an intracerebral titre
of 106-3 in adult Balb C mice and an intramuscular
titre of 1/270 dilution based on Reed & Muench
50% end-points for a 0.03-ml inoculum. Serial
tenfold dilutions in the intracerebral test and four-
fold dilutions intramuscularly were used in 5-10 mice
per dilution; the mice were 4-6 weeks old.

Vaccine

A 10% emulsion in buffered salt solution of
infected mouse brains from the standard virus pool
was inactivated by exposure to ultraviolet irradiation
in a Habel-Sockrider apparatus (Habel & Sock-
rider, 1947). The undiluted vaccine failed to produce
disease on intracerebral inoculation of adult mice
and its immunizing potency by the Habel (1940)
test procedure was greater than 100 000 LD50. The
vaccine was stored at -70°C.

In the experiment 0.05 ml of undiluted vaccine
was inoculated intraperitoneally daily for 14 doses,
followed by booster doses on days 25 and 35.
A single booster dose was given on day 362.

Antisera

The isogeneic antiserum was produced in adult
Balb C mice by 2 doses of ultraviolet-inactivated
virus vaccine followed by 2 doses of CVS live virus,
0.1 ml of a 10% suspension being inoculated intra-
peritoneally. The serum pool had a virus-neutraliza-
tion index of 1703.
The allogeneic donkey antiserum I had a neutra-

lization index of 3125.
When used in the experiment a single dose of

0.1 ml of undiluted antiserum was inoculated intra-
muscularly in the gastrocnemius muscle of the leg
opposite to that used for virus challenge.

1 Kindly supplied by Dr W. G. Winkler, Rabies Investi-
gations Laboratory, Communicable Disease Center, Atlanta,
Ga., USA.

Serum neutralization tests

Sera were inactivated at 56°C for 30 minutes.
Serial fivefold dilutions in 2% normal horse serum
in distilled water were mixed with equal volumes
of 0.5 x 10-' dilution of standard CVS challenge
pool virus. This dilution of CVS, mixed with a
1/5 dilution of normal mouse serum and incubated,
showed the presence of 20-100 LD50 of virus infecti-
vity. The virus-serum mixtures were incubated at
37°C for 1 1/2 hours, then kept in an ice-water bath
until intracerebral inoculation into 5 adult non-
inbred Swiss mice. The reciprocal of that serum
dilution protecting at least 3 out of 5 mice was
taken as the serum antibody index.

RESULTS

Groups of adult Balb C female mice were inocu-
lated with 0.03 ml of 1/5, 1/20, 1/80, 1/320 and
1/1280 dilutions of CVS challenge virus intra-
muscularly in the left leg. One hour later, 10 mice
from the 1/5, 1/20, 1/80 and 1/320 challenge groups
plus 10 unchallenged mice received each of the
specific treatment schedules. Ten normal control
mice received 0.03 ml of the 1/20, 1/80, 1/320 and
1/1280 dilutions of challenge virus and an extra
10 mice received the 1/320 dilution.
Pooled serum of 5 mice was collected before

challenge and on days 1, 2, 5, 10, 15, 20, 25, 30, 35,
40, 50, 155, 244 and 362. These sera came from
bleedings of the unchallenged treated mice in each
group and the survivors of the 1/320 dilution
challenge in the untreated controls.
The results given in Table 1 show that only low

levels of protection against challenge were obtained
by the various treatment procedures applied 1 hour
after challenge. The small differences between groups
are not statistically significant. Serum antibody
titres were demonstrable on day 1 in the groups
receiving either type of antiserum and where anti-
serum alone was used this antibody disappeared on
day 40. The vaccine-alone group responded with
antibody by day 5 and in the groups receiving anti-
serum and vaccine an increase in antibody titre was
apparent by day 10. The surviving challenged con-
trols also showed antibody at 5 days, reaching a
low-level peak at 20 days and never developing
any higher throughout the year. Peak antibody
levels in the combined treatment groups and
vaccine-alone group appeared at 20 days, did not
drop until between days 50 and 155, and were still
at substantial levels at the end of a year. The
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TABLE I

PROTECTION OF MICE TREATED 1 HOUR AFTER INTRAMUSCULAR CHALLENGE AND SUBSEQUENT
SERUM NEUTRALIZING ANTIBODY RESPONSES TO TREATMENT

Serum antibody index b
Treatment LD50 Ofaprotection a Day Day Day Day Day Day Day Day Day Day

1 5 10 20 30 40 50 155 244 362

Mouse antiserum 2.0 20 5 5 5 <0 <0 < 0 < 0 < 0 < 0

Mouse antiserum + vaccine 2.3 20 20 80 320 1 280 320 1 280 80 80 80

Donkey antiserum 4.2 20 20 5 5 <0 < 0 < 0 < 0 < 0 < 0

Donkey antiserum + vaccine 4.7 20 5 20 320 320 320 1 280 80 80 320

Vaccine 3.1 < 0 5 320 1 280 320 1 280 1 280 320 320 320

Control - < 0 5 5 20 20 20 20 20 20 20

a Number of intramuscular LDo (Reed & Muench) resisted in treated groups after challenge with serial fourfold dilutions
of virus.

b Reciprocal of serum dilution protecting at least 3 out of 5 mice when mixed with 2C-100 LDso of virus; <0 indicates no
activity in undiluted serum.

vaccine-alone group tended to keep the antibody
at more consistently high levels. The results of serum
tests on days 2, 15, 25 and 35 have not been in-
cluded in Table 1, but were consistent with the other
titres.
On day 362, after bleeding, the unchallenged

treated mice were combined with any survivors of
the original challenged animals. Each treatment
group was then divided, and half received a single
booster dose of vaccine along with a new normal

control group. Four days later the booster-inocu-
lated mice were bled and all were challenged intra-
cerebrally with 102-3 LDso of virus.

Table 2 shows the effect of the booster dose of
vaccine on protection against challenge and on

antibody response. There was no protection before
or after booster in the groups that had originally
received antiserum alone and their antibody response
to booster was of the same low level as that seen in
the new controls given their first single dose of

TABLE 2
PROTECTION AGAINST INTRACEREBRAL CHALLENGE WITH 10"' LDso OF VIRUS
AND THE SERUM NEUTRALIZING ANTIBODY RESPONSE BEFORE AND AFTER

A BOOSTER QOSE OF VACCINE GIVEN ONE YEAR AFTER PRIMARY IMMUNIZATION

No. with rabies/No. inoculated Serum antibody index a

Treatment [ At booster At challenge
No booster Booster (362 days) (366 days)

Mouse antiserum 9/9 9/9 <0 0

Mouse antiserum + vaccine 3/11 1/10 80 320

Donkey antiserum 13/13 12/12 <0 0

Donkey antiserum + vaccine 9/12 0/11 320 1 280

Vaccine 4/12 0/12 320 1 280

Control (original) 8/8 4/8 20 80

Control (new) 10 2.3 4/12 <0 0

a See Table 1.
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vaccine. On the other hand, all groups which had
originally received vaccine, either alone or with
antiserum, had some protection before booster and
complete protection 4 days after the vaccine dose.
These vaccine groups also showed a fourfold rise in
antibody 4 days after the booster.

DISCUSSION

Within the limitations of the experimental system
used there was no evidence of a difference in the
effectiveness of isogeneic and allogeneic antirabies
serum either alone or combined with a course
of vaccine in protecting mice against a previous
peripheral challenge with virus, or in the decay of
the passive antibody, or in its ability to interfere
with the active production of antibody due to the
vaccine. This confirms recent results obtained in
mice, guinea-pigs and dogs by testing homogeneic
versus allogeneic antirabies serum against experi-
mental infection.' Furthermore, the surviving mice
given a single booster dose of vaccine 1 year after
the primary treatment responded equally well in the
two groups immunized with combined antiserum
and vaccine as far as protection against challenge
and antibody response were concerned.

It is obvious from the experimental results that
the ultraviolet-irradiated vaccine used here was an
exceedingly potent one. Even normal mice not
previously immunized but given a single dose of
this vaccine had developed some resistance to intra-
cerebral challenge and demonstrable serum anti-
bodies by 4 days. This must be kept in mind in
interpreting these experimental results, because if a
less potent vaccine had been used there might indeed
have been differences in the interference produced

1 Winkler, W. G., Schmidt, R. C. & Sikes, R. K. (to be
published).

by the two antisera against the antigenicity of the
vaccine. Certainly there is no marked difference
between the two types of antiserum and experimental
investigation in human patients would be justified
since human immune gammaglobulin can now be
prepared having an antirabies antibody titre equi-
valent to that in the presently available horse anti-
serum.' Before routine use of human antirabies
gammaglobulin in exposed individuals, preliminary
results in unexposed human adults should be
obtained in experiments similar to these mouse
tests, and here antibody response ,would be the
criterion of effectiveness.

Several other previously established facts in experi-
mental rabies have been confirmed in the results
obtained in these experiments. (1) It has always
been very difficult to obtain a significant degree of
protection with any type of treatment that is applied
after virus challenge of experimental animals.
(2) Immunity to challenge and serum antibody
levels established as the result of immunization with
a highly potent vaccine tend to persist for as long
as a third to half the life-span of the mouse. (3) The
basic immunity established by a primary course of
vaccine will respond with a rapid booster effect on
further inoculation 1 year later. (4) The antibody
response in the untreated controls which failed to
develop symptoms after virus challenge again demon-
strates the antigenicity of the live virus in the chal-
lenge dose. However, the failure of this antibody
response to increase to high levels would suggest
that there was little if any replication of the chal-
lenge virus in these animals.
The rapid appearance (4 days) of immunity to

intracerebral challenge and of demonstrable anti-
body in normal mice given a single dose of very
high potency vaccine should be emphasized as an
intriguing new piece of experimental information.

RESUME

On a compare sur une souche endogame de souris
l'efficacite de deux preparations de s6rum antirabique:
un antiserum isologue obtenu par immunisation de
souris de la souche d'experience et un antiserum hetero-
logue prepare par immunisation d'anes.
Des groupes de souris ont requ par voie intramuscu-

laire des dilutions variables de virus d'epreuve standard.
Une heure apres cette inoculation, on a administre aux
animaux soit de l'antis6rum isologue seul, soit de I'anti-
serum isologue et du vaccin antirabique, soit de l'anti-

serum heterologue seul, soit de F'antis6rum heterologue
et du vaccin antirabique, soit enfin du vaccin antirabique
seul. Dans chacune de ces cat6gories, les souris survi-
vantes ont e saignees par intervalles entre le ler et le
362e jour de 1'experimentation, les serums ont ete reunis
en pools et on y a recherch6 les anticorps antirabiques.

Les differents schemas de traitement n'ont confere
aux souris qu'une tres faible protection a l'6gard du
virus d'epreuve, et des resultats identiques ont ete
obtenus avec les deux types d'antiserum. On n'a not6
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de meme aucune difference, tenant au type d'antiserum,
dans l'apparition et la persistance des titres d'anticorps
passifs, ni dans l'intensite de la reponse immunitaire en
cas d'administration simultanee de vaccin.
Un an apres cette experience initiale, les souris survi-

vantes ont requ une dose unique de rappel de vaccin
antirabique, puis ont subi une inoculation intrac6rebrale
de virus d'epreuve. Dans les groupes qui avaient bene-
ficie a l'origine d'un premier traitement vaccinal, avec

ou sans administration concomitante de l'un ou I'autre
antiserum, la reponse immunitaire a ete tres nette et la
protection contre l'infection quasi absolue.

L'auteur conclut que si l'on utilise un vaccin tres
actif, 1'effet inhibiteur sur le processus d'immunisation
active engendre par I'administration concomitante
d'antiserum est virtuellement identique, que l'on recoure
a une preparation isologue ou a une preparation h6t6ro-
logue.
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