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A significant protection to an intracerebral challenge of 70 mean lethal doses of
a standard live rabies virus strain was obtained in BCG-pretreated mice or in
normal mice which had been immunized with a single subcutaneous injection of
a beta-propiolactone-inactivated rabies vaccine. Concomitantly, levels of delayed-
type hypersensitivity (measured in vivo by the footpad test) and serum-neutral-
izing activity were evaluated at various times after immunization. All immune
criteria were significantly augmented in the BCG-pretreated, rabies-immune mice
as compared to normal, rabies-immune mice. However, peak levels of protection,
delayed-type hypersensitivity, and serum-neutralizing activity did not occur at
the same times. For instance, in the BCG-pretreated, rabies-immune mice,
delayed-type hypersensitivity peaked on day 7, protection peaked on day 21, and
serum-neutralizing activity peaked on day 60. In BCG-pretreated mice, which did
not receive the rabies vaccine, positive delayed-type hypersensitivity, some pro-
tection, and serum neutralizing activity were observed 4 to 5 weeks after BCG
pretreatment. The possible relationships between specific and nonspecific im-
munity provoked by rabies virus antigens, tissue culture cell-associated antigens
(derived from the bovine fetal kidney cells in which the rabies virus was grown),
and BCG are discussed.

The roles of humoral and cell-mediated im-
munity (CMI) have been well-defined in infec-
tions of experimental animals (2, 6) and in hu-
mans (1). The mechanisms involved in acquired
resistance after natural or experimental infection
with rabies virus are still a matter of controversy
even if previous reports have made clear the
distinction between the two mechanisms. Since
antibody-neutralizing activity can be tested eas-
ily, great emphasis has been placed on the role
of humoral immunity after rabies vaccination.
There is indirect proof that CMI exists in rabies-
vaccinated mice: vaccine had no protective effect
on thymus-less mice (24). In recent years, direct
proofs for the existence ofCMI has been assayed
in vitro and in vivo. CMI was evaluated in vitro
by using cytotoxicity tests (26) or blast transfor-
mation (3, 27; H. T. Hill, Diss. Abst. Int. B 35:
571, 1975). In vivo, CMI was evaluated by using
the footpad test assay after vaccination with
inactivated rabies virus vaccine (15). This local
reaction has all the characteristics of a delayed-
type hypersensitivity (DTH) reaction: kinetics,
histology, and specific transfer of sensitivity by
lymphocytes, but not by serum, ofimmune mice.
The present report deals with a comparative

study between the kinetics ofDTH, neutralizing-
antibody activity, and acquired resistance in-

duced after rabies vaccination in normal or in
BCG-pretreated mice as previously described
(15).

MATERIALS AND METHODS
Animals. A total of 1,800 specific-pathogen-free

Swiss, outbred, male OF1 mice were purchased from
Iffa Credo (Domaine des Oncins, Saint Germain sur
l'Arbresle, France). They were 4 weeks of age at the
start of each experiment.

Rabies vaccine (RV). f1-Propiolactone-inactivated
fixed rabies virus was prepared in bovine kidney cells
and purified as previously described (5). It contained
2,560 hemagglutin units (HAU) per ml and was kept
deep frozen at -70'C in small vials.
BCG vaccine. The Pasteur strain of BCG vaccine

was obtained as described previously (11). In brief,
commercial vaccine, obtained from the Pasteur Insti-
tute, was cultivated in Proskauer and Beck (PB) me-
dium with 1% glucose and 0.05% Tween 80 for 7 days
at 370C in roller bottles. The mycobacteria were
washed twice in fresh PB medium and homogenized
by a short pulse of ultrasonication. BCG vaccine con-
tained 4 x 108 viable units per ml and was stored deep
frozen at -70oC in small vials containing 1 ml of BCG
vaccine.

Immunization. Four hundred mice were divided
into four equal groups, called A, B, C, and D, in 10
cages of 10 mice each.
The mice of groups A and B received one injection

600



IMMUNOLOGICAL FACTORS AFTER RABIES VACCINATION 601

of BCG vaccine (2 x 106 viable units) in the left hind
footpad (LHFP) in a volume of 0.04 ml. Two weeks
later, the mice of groupsA and C received one injection
of 5 HAU of RV in the LHFP in a volume of 0.04 ml.
The control group, the mice of group D, received the
same volume of saline in the LHFP. In 7, 14, 21, and
60 days after the injections, 25 mice of each group
were tested for DTH, serum-neutralizing activity, and
resistance to living rabies virus challenge.

Challenge with rabies virus. At each time point,
10 mice were challenged by an intracerebral injection
of 0.03 ml containing 70 mean lethal doses (LD50) of
the standard strain of rabies virus (CVS). On day 60
after immunization, the challenge dose was readjusted
to compensate for the natural increase in resistance of
older mice. This was done by reevaluation of the LD50
challenge dose in age-matched nonimmune mice. Neu-
rological symptoms, such as hyperexcitability or pa-
ralysis, and death were recorded at daily intervals for
individual mice. Mice living more than 30 days after
the 70 LD50 challenge were recorded as resistant.
The mean survival time after challenge was evalu-

ated graphically for the time at which 50% of the
nonresistant mice were dead.
DTH. At each time point after immunization, five

mice per group were tested by using the footpad test
as previously reported (15). In brief, 0.04 ml of RV
containing 5 HAU was injected into the right hind
footpad (RHFP), and increased footpad thickness was
measured, with a gauge caliper (Schnelltaster, System
Kroplin, 0.05 mm) at various times thereafter.
Serum antibodies. At each time point, 10 mice

per group were bled and the sera were pooled into two
groups of sera from 5 mice. The levels of specific
antibody were evaluated by using two methods. The
first one was the sero-neutralization test as described
in the World Health Organization monograph on ra-
bies (28). The second one was an assay of the protec-
tive effect of different dilutions of immune serum
(10-(7, i0-' 4, 10-2.1, and 1028). Various dilutions of
serum were injected intravenously 18 h before 100
LD5o challenge was given intramuscularly in a volume
of 0.2 ml. A positive control serum was also used
concomitantly to allow the protective index to be
expressed in international units.

RESULTS
Kinetics of acquired resistance after ra-

bies vaccination. When normal mice were
challenged with an intracerebral injection of 70
LD50, early neurological symptoms occurred
within a few days, and mice died 1 to 3 days
later. When mice pretreated with RV, BCG vac-
cine, or both, were challenged at various times
thereafter, the occurrence of clinical neurologi-
cal symptoms in nonresistant mice did not differ
from the controls. But when the mean survival
time was evaluated in nonresistant mice, the
survival time was always significantly prolonged
in specifically preimmunized mice whether or
not mice were pretreated with BCG (Table 1).
When the definitive resistance was evaluated, a
striking difference was seen between these two
groups, as shown in Fig. 1, which reports the

TABLE 1. Mean of mortality times after
intracerebral challenge with 70 LDso of CVS in

different groups of susceptible mice at various times
after immunization

Time of death (h)" after immunization at day:
Group

7 14 21 60 Mean

A 204 271 245 199 229.7
B 185 180 206 180 187.7
C 194 250 264 180 222
D 185 180 180 180 181.2
a This mean mortality time after challenge was eval-

uated graphically when 50% of nonresistant mice were
dead.

DAYS AFTER VACCINATION
FIG. 1. Percentage of mortality recorded 30 days

after intracerebral challenge with 70 LD5o of CVS in
different groups of 10 mice at various times after
immunization.

percentage of resistance 30 days after challenge.
Maximum protection was achieved 3 weeks after
rabies vaccination in BCG-pretreated mice and
persisted to some extent even after 60 days. It is
noteworthy that BCG-pretreated, nonimmu-
nized mice also showed some acquired resist-
ance. The best nonspecific activity occurred 4 to
5 weeks after subcutaneous injection of BCG.
Kinetics of the specific CMI response

after vaccination. The time course ofthe DTH
reaction was recorded at various times after
vaccination (Fig. 2). As reported previously (15),
DTH elicited with 5 HAU of the RV was at its
maximum 7 days after immunization and peaked
24 h after elicitation. The levels of DTH were
higher in BCG-pretreated RV-immunized mice
than in normal RV-immunized mice, this differ-
ence being statistically highly significant (P <
0.01). But unexpected results were observed
when BCG-pretreated non-RV-immunized mice
were tested with RV vaccine. The 24-h reactions
to RV antigen were observed to be higher and
statistically significant in BCG-pretreated mice
as compared to control mice (P < 0.05).

Kinetics ofthe specific humoral response
after vaccination. The production of rabies
virus neutralizing antibodies in pooled sera from
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FIG. 2. Time course of DTH reactions measured

at varying times after immunization in different
groups of mice. Mean of 5 mice ± standard error of
the mean.

each group was evaluated at various time inter-
vals after vaccination, and the protective index
was expressed in international units by using a
positive control serum.
The neutralizing antibody production in-

creased during the entire observation period in
BCG-RV-immunized mice, raising a very high
titer, if we consider the single immunizing dose
of 5 HAU (Table 2). In the RV-immunized mice,
the peak level was reached on day 21 and was at
a very low level on day 60. And when the com-
parison between BCG-RV- and normal RV-im-
munized mice was made on day 21 postvaccina-
tion, a higher titer was noticed in the normal
RV-immunized mice than in BCG-RV-immu-
nized mice (one must also consider that some
neutralizing activity was produced in the serum
of BCG-pretreated non-RV-vaccinated mice).
This neutralizing activity was observed from day
7 to day 60 of the observation period which
began 2 weeks after BCG pretreatment.
When pooled sera were used to evaluate the

in vivo protective activity of the serum from
various groups of mice, the results were not clear
cut because of the very low titers of neutralizing
antibody in the serum. In fact, the serum pro-
tective effect follows a direct linear relationship
between dose and effect only when high titers of
antibody (more than 10 IU/ml) are present in
the serum. This was never seen in our experi-
ments.

Comparison of the kinetics of the differ-
ent immune parameters. The time courses of
immune parameters after viral or bacterial in-
fection have been used by different researchers
(6, 21) to evaluate the relationships between the
different immune parameters. Figure 3 repre-
sents a composite picture of the acquired resist-
ance to 70 LD50 intracerebral challenge, the
DTH levels and the neutralizing activity of the
serum measured at various time intervals after
immunization in different groups of mice.
The DTH reactions always appeared during

the early stage after immunization, peaking on
day 7 and decreasing thereafter (Fig. 3). Thus,
an inverse temporal relationship seems to exist
between DTH and acquired resistance because
acquired resistance increases gradually from the
day after immunization until day 21. There ap-
pears to be a direct relationship between levels
of neutralizing antibody and acquired resistance,
since increased resistance is temporally associ-
ated with increased neutralizing antibody levels.
This was the case in group C of normal RV-
immunized mice. But when the level of acquired
resistance was compared to the level of neutral-
izing antibodies in the different groups of mice,
some differences became apparent between RV-
vaccinated normal and BCG-pretreated mice.
Higher protection (70%) was seen in BCG-pre-
treated RV-immunized mice, in which the level
of neutralizing antibody was much lower than in

TABLE 2. Seruma neutralizing titer in different
groups of mice at various days after immunization

Titer at day after immunization:
Group

7 14 21 60

A
1 0.11 0.82 1.16 5.90
2 0.10 1.30 1.83 4.64
Mean 0.105 1.06 1.49 5.27

B
1 0.023 0.03 0.00 0.03
2 0.053 0.00 0.02 0.019
Mean 0.038 0.015 0.010 0.024

C
1 0.10 1.32 2.90 0.29
2 0.14 0.37 2.32 0.43
Mean 0.12 0.84 2.61 0.36

D
1 0 0 0 0
2 0 0 0 0
Mean 0 0 0 0
a Neutralization titer was expressed in international

units by comparing efficacy of protection using an
international neutralizing serum.

b Pools of serum of five mice were used, and serum
from 10 mice per group were obtained.
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FIG. 3. Kinetics of24-h DTH reaction (U), neutralizing-antibody titers (in international units per ml) (l),
and number ofsurvivors (hatched columns) in BCG-pretreated andRV-immunized mice (A), in RV-immunized
mice (C), in BCG-pretreated mice (B), or in control mice (D).

normal RV-immunized mice in which only 30%
of protection was observed.

DISCUSSION
The present report deals with the comparative

studies of different parameters of the immune
response after immunization with a single injec-
tion of 5 HAU of an inactivated RV. The effect
of pretreatment with BCG vaccine was also
looked at because of its effectiveness in promot-
ing a stable form of CMI (12). The end purpose
of these studies was to compare the kinetics of
acquired resistance after vaccination and the
time course of cell-mediated hypersensitivity
measured in vivo by the proposed test, and the
humoral levels of neutralizing activity of the
serum. The latter are, at the present time, the
regular tests used to evaluate effectiveness of
the RV. From the reported results, some conclu-
sions can be made.

First, the protective effect of the BCG pre-
treatment alone was unexpected. BCG vaccina-
tion produced DTH to rabies vaccine and also
some neutralizing activity in the serum (Table
2). Its ability to produce or to amplify the levels
ofDTH and humoral antibodies to foreign, non-
cross-reacting antigen is well-established (10, 11,
14-19). Its action on the natural resistance to
rabies infection has not been described previ-
ously. The relation of this with the nonspecific
increase in resistance to virus infections ob-
served after BCG vaccination (14) should be
investigated. Since some protection was ob-
served after intracerebral challenge of 70 LD50,
which represents a very drastic inoculum, the
protective effect ofBCG vaccination should also
be evaluated after subcutaneous and intramus-
cular challenge. More work needs to be done in
order to have a more precise view on the early

events in rabies infection in normal or in retic-
uloendothelial system-stimulated mice (25).
BCG pretreatment was also able to produce

neutralizing activity in the serum (Table 2) and
DTH to RV (Fig. 1). These levels were statisti-
cally significant when compared to the levels
found in control mice. These facts, which could
render unclear the specificity of the DTH reac-
tion and the sero-neutralization test, point to the
existence ofsome neutralizing activities ofserum
after mycobacterial infections in animals. Thus,
our results are comparable with those of Srini-
vasan (22) in which acquired resistance to rabies
infection was observed after Mycobacterium
phlei infection. Haldar and co-workers (7) show
also acquired resistance to rabies infection after
injections of trypsin-treated extracts from these
mycobacteria in different experimental animals.
Neutralizing activities to rabies virus were also
observed in sera of these pretreated animals.
Explanations of these phenomena are not con-
clusive at the present time. Some hypotheses
might be made concerning the possible role of
cross-reacting antigens between the BCG vac-
cine and the RV vaccine. In fact, as far as DTH
reactions are concerned, when a more highly
purified RV (4) was used, no such cross-reactions
were observed (15). Since, in the present report,
RV was produced in bovine fetal kidney cell
culture, one can not exclude the possibility that
there are cross-reacting antigens in the BCG
vaccine and the tissue culture cells, as in the
case with BCG and human malignant melanoma
cells (20). Since in the present case, BCG was
grown in PB medium, without BSA, this antigen
did not seem to be involved for the cross-reac-

tivity. It would be worthwhile to find out the
exact cross-reactivity antigen in order to avoid
(or maybe to promote) any cross-reactivity be-
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tween BCG and RV for medical use in patients
who have been previously sensitized with my-

cobacterial antigens.
Because of these putative cross-reactions and

its adjuvant activity, BCG pretreatment was

able to promote higher levels of all specific im-
mune parameters after vaccination with inacti-
vated rabies virus. But the peak levels of each
parameter are not matched (Fig. 3): DTH being
at its maximum on day 7, acquired resistance on
day 21 and serum-neutralizing activity on day
60. Thus, it seems clear that neither all specific
T cells nor all in vitro specific neutralizing anti-
bodies are involved in acquired resistance.

Since after immunization different subsets of
specific T cells appeared and the DTH reactions
are only able to measure the final effect, it would
be interesting to test separately the different
subsets of cells involved in the DTH reactions,
i.e., blast cells or memory cells (12).
Moreover, other functions of T cells are

known, for example cell cytotoxicity which is
produced after rabies vaccination (26). The next
approach will be devoted to evaluating the ki-
netics of such functions after RV vaccination in
normal or BCG-pretreated mice. With the same
reasoning an increase ofantibody-dependent cell
cytotoxicity should also be evaluated, which may
account for the augmented acquired resistance.
These different methods are currently being in-

vestigated in this laboratory.
When the different levels of the immune pa-

rameters were observed, the degree of each par-

ticular response (protection, DTH, and neutral-
izing antibodies) was always coordinated and
varied in the same way in the different group of
experimental animals. No response in control
mice, some in BCG-pretreated mice, high re-

sponses in RV-immunized normal mice, with a

coincident peak level of resistance and serum

neutralizing activity on day 21 after vaccination;
the highest responses were observed in BCG-
pretreated, RV-immunized mice. It would also
be interesting to compare the effectiveness of
vaccination with more than one injection of RV
and the adjuvant effect of BCG with only a

single injection of RV. Increasing the quantity
of purified RV could give a very potent, long-
lasting immunity when used after BCG pretreat-
ment (15).
There is a correlation between the protective

effect of vaccine and DTH levels (as measured
on day 7) and acquired resistance, although the
actual mechanism of specific protection is un-

known. Since the skin test is a very simple,
inexpensive technique, it would be useful for
people working with rabies vaccine control to be
aware that DTH reaction to rabies antigens is

another good, though indirect, parameter of
CMI, which can measure the protective efficacy
of a given commercial vaccine for prophylaxis
against rabies infection.
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