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EFFECT OF BACILLUS OF CALMETTE-GUERIN, AVRIDINE AND
Propionibacterium acnes AS IMMUNOMODULATORS ON RABIES IN MICE

J.MEGID(1), M.T.S. PERACOLI(2), P.R. CURI(3), C.R.ZANETTI(4), W.H. CABRERA(5), R.VASSAO(5) & F.H.ITO(6)

SUMMARY

The cellular and humoral immune responses of mice inoculated with rabies virus and treated with the Bacillus of
Calmette-Guérin, Avridine and Propionibacterium acnes were evaluated in this paper. There was a higher percentage of
surviving mice in groups submitted to P. acnes treatment. Lower levels of interferon-y (IFN-y) were found in infected mice.
The intra-pad inoculation test (IPI) was not effective to detect cellular immune response, contrary to the results found in
MIF reaction. The survival of mice did not present correlation with the levels of antirabies serum neutralizing (SN) antibodies

titers, IFN-y concentration and MIF response.
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INTRODUCTION

The immune response in infection with rabies virus has been
studied and reported by several authors”™”""™ characterizing the
importance of cellular and humoral immune response and induction
of interferon in the survival of animals, as well as the immunosu-

. . . . 25,34
pression induced by rabies virus

Evidence has shown that immunomodulators are capable of
enhancing the immune response induced by vaccines, restore the
immunocompetence of immunocompromised animals, and strengthen
inespecifically the resistance to infections and increase the efficacy of
conventional therapylz‘

Among the immunomodulating substances more widely used, the
bacillus of Calmette-Guérin (BCG) can be mentioned as one of the
most well known immunomodulators. Research using BCG was
reported by BARAKAT et al. in sheep, and later challenged with
Rift Valley Fever virus; by SPENCER et al.” with the influenza virus
in mice and by GLASGOW et al.” with Corynebacterium acnes,
Corynebacterium parvum and BCG in mice.

P. acnes has been used in different studies evaluating its mechanism
of action"w; compared to several immunomodulatorszz; used in human
carriers of infectious diseaseSZI; treatment of malignant neoplasias26
and in animals with infectious diseases .

HOFFMAN et al.”, while searching for an atoxic inducer of IFN
found the Avridine (CP-20. 961); tested against the DNA and RNA
viruses in mice they reported its antiviral activity. ANDERSON &
REYNOLDS demonstrated that Avridine induced to an increase of
lymphocytes through local lymph nodes, in which it was observed
the appearance of increasing number of macrophages around germinal
center, considered as an excellent antigen presenting cells for clones of
T and B lymphocytes.

Other investigations were conducted using Avridine as the adjuvant
. . 9,14
of rabies vaccines .

Therapeutic trials in rabies were initiated in 1889 by BABES &
LEPP (apud BAERS) with application of serum, and followed by
other works using vaccines alone, serum combined with vaccines,
interferons and interferon inducers.
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This work was designed to evaluate the cellular and humoral
immune response of animals infected with rabies virus and treated
with the bacillus of Calmette-Guérin (BCG), Propionibacterium acnes
(Corynebacterium parvum) and Avridine.

MATERIAL AND METHODS

ANIMALS: swiss albino mice, outbred, females, aging
approximately four weeks, were provided by the Central Animal
Facility of UNESP-Botucatu.

RABIES VIRUS: the virus isolate used was from dog brain, which
have been maintained with one intracerebral and one intramuscular
passage in mice.

DILUENT FOR THE IPI AND MIF TESTS: a 2% six to seven
day old mice nervous tissue suspension without rabies virus
inoculation, homogeneized in buffered diluent was used as diluent.
The suspension was preserved with 0.1% phenol and 0.01% timerosal.
The final product constituted the negative control antigen for the IPI
and MIF tests.

IMMUNOMODULATORS: ONCO-BCG: produced by
Butantan Institute, administering dose of 200 ug per mouse, according
to SPENCERZX; P. acnes: produced by Laboratério Farmacéutico do
Estado de Pernambuco (LAFEPE), and this product was used at dose
of 0.2 ml per animal; Avridine: kindly provided by PFIZER S.A,,
using dose of 0.04 mg per animal, according to NIBLACK et al”,

ANIMAL INOCULATION: performed through intramuscular
route, with small modification of the methodology described by
KOPROWSKY".

DIRECT IMMUNOFLUORESCENCE: the test was run
according to the methodology of GOLDWASSER & KISSLING'”.

MIF TECHNIQUE: the technique used was the one described by
DEFAVERI etal.'; the migration chamber was filled with: a) 10% of
horse serum added in Eagle medium (control chamber); b) Eagle medium
containing 10% horse serum and antigen added in, here represented
by an inactivated rabies vaccine (Fuenzalida-Palacios type) at 10”
dilution; ¢) 10% horse serum added in Eagle medium and with an
inactivated rabies vaccine at 10~ dilution.

IPI TEST: the technique used was according to that described by
TSIANG & LAGRANGE".

The pad of the right hind limb was injected through intradermic
route with 40 pl antigen constituted of rabies vaccine diluted at 10°
and similarly the pad of the left hind limb was injected with 40 ul of
negative control antigen, constituted of the diluent of the vaccine at
10” dilution. The increase of the pad thickness was measured using a
caliper (Mitutoyo, precision of 0.01 mm), calculating the difference
in the mean of 3 measurements made immediately before and 24 hs
after the injection of antigen.
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DETERMINATION OF IFN-y: performed according to the
methodology of CHERWINSKI et al.”, by using the ELISA technique.

SERUM NEUTRALIZATION (SN): the technique adopted was
described by FAVORETTO et al.B, using the PV strain and BHK
cell culture; the sera were first diluted at 1:5 and thereafter used thzel
two-fold serial dilution until the dilution of 1:40 and the SN titers
were expressed in U/ ml.

EXPERIMENTAL PROCEDURES

This experiment was conducted in 2 phases:

Phase I: In this phase 220 healthy mice were injected
intramuscularly with 0.03 ml of normal mouse brain suspension, and
after being divided into 4 groups of 55 animals each and 24 hs after the
injection, they were treated with immunomodulators, as follows:

Group 1 = without immunomodulator;

Group 2 = 0.02 ml of BCG through IM route, into the right hind pad;
Group 3 = 0.2 ml of P. acnes through intraperitonial route;

Group 4 = 0.1 ml of Avridine through intraperitonial route.

Phase II: Through intramuscular route, 220 mice have been
inoculated with 0.03 ml of rabid mouse brain suspension. Twenty-
four hours later, the animals were separated into 4 groups of 55
animals each and treated with immunomodulators as follows:

Group 5 = without immunomodulator;

Group 6 = 0.02 ml of BCG through IM route, into the right hind pad;
Group 7 = 0.2 ml of P. acnes through intraperitonial route;

Group 8 = 0.1 ml of Avridine through intraperitonial route.

After treating the animals with the immunomodulators, 5 mice
from each group were bled through cardiac punction and sacrificed, at
3, 6, 12 and 24 hs after administering the immunomodulators. On the
5th day after the application of the immunomodulators, 2 mice from
each group were identified and submitted to IPI test. Twenty-four
hours later the thickness of the pads were measured, and soon after
the mice were bled and sacrificed and the spleen collected, kept in
Eagle’s medium until its use for MIF test. At the 6th day three animals
were selected from each group and submitted to the same procedures.
At the 12 and 13th day after the treatment with immunomodulators,
5 mice from each group were submitted for the same procedures
described above. Sera taken 24 hs after the administration of
immunomodulators were pooled accordingly to the groups and after

" this period, all sera were kept frozen individually, until the SN titers

and IFN-y determination. The animals were daily observed for six
months and then, the survival rate was calculated. The results of MIF
and IPI tests were analyzed considering the differences obtained
between the responses of the groups of animals to vaccine or to the
negative control antigen. The results of different tests were submitted
to compgtely randomized factor analysis (nonparametric) according
to ZAR .
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RESULTS DISCUSSION
The results of TPI, MIF, IFN-y and SN tests are presented in the In this experiment, contrary to what was observed by TSIANG
1
following Tables and Figures: & LAGRANGE'' the IPI test was not effective on the detection of
TABLE 1

Results of statistical analysis. MIF values expressed in percentage of migration inhibition, at the 6-7th day. Median (mean and SD), 1996.

Immunomodulator Infection Without BCG P. acnes Avridine
Without 14 (14.2 £14.29) 0(3.2+5.76) 0(-0.2+4.32) 1 (0.4 +4.56)
With 0(8.0+13.03) 26 (25.8 + 11.96) 0(0.8 £4.76) 0(9.2 +18.79)

Interaction H=4.991; p < 0.05; Effect of infection H = 0.896; p> 0.25; Effect of Immunomodulators H = 6.738; 0.05< p< 0.10.

TABLE 2
Results of statistical analysis. MIF values expressed in percentage of migration inhibition, at the 13-14th day. Median (mean and SD), 1996.

Immunomodulator Infection Without BCG P. acnes Avridine
Without 0(0.6 =2.61) 9(-74x11.21) 7 (6.8 = 6.98) 0(-0.4 £ 0.89)
With 33 (27.4 £ 19.58) 2 (10.8 £ 16.93) 22 (19.0 + 18.33) 21 (15.4 = 15.40)

Interaction H=1.870; p > 0.10; Effect of infection H = 9.682; p < 0.01; Effect of Immunomodulators H = 4.113; p > 0.10.

TABLE 3
Results of statistical analysis. IPI values expressed in millimeter of thickness at the 6-7th day. Median (mean and SD), 1996.

Immunomodulator Infection Without BCG P acnes Avridine
Without -0.02 (-0.01 = 0.07) 0.07 (0.01 =0.11) 0.06(0.08 + 0.09) 0(0.08 + 0.06)
With 0.04 (0.08 = 0.10) -0.01(0 £ 0.13) -0.04 (-0.04 £ 0.05) 0.06 (0.04 +0.08)

Interaction H=8.119; p < 0.01; Effect of infection H = 0.031; p > 0.50; Effect of Immunomodulators H = 0.353; p > 0.50.

TABLE 4
Results of statistical analysis. IPI values expressed in millimeter of thickness at the 13-14th day. Median (mean and SD), 1996.

Immunomodulator Infection Without BCG P acnes Avridine
Without -0.07 (-0.08 £ 0.11) 0.03 (0.0 £ 0.07) 0(0.01 £0.11) -0.05 (-0.04 £ 8.13)
With -0.03 (-0.03 + 3.49) 0(-0.01 £0.11) 0.02 (0.07 £ 0.20) -0.06 (-0.03 + 0.13)

Interaction H=0.790; p > 0.25; Effect of infection H = 0.265; p > 0.50; Effect of Immunomodulators H = 2.505; p > 0.25.
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TABLE 5
Results of statistical analysis. Serum neutralizing titers expressed in IU/ml at the 6-7th day. Median (mean and SD), 1996.

Immunomodulator Infection Without BCG P. acnes Avridine
Without 0 0 0 0
With 0(0.10 £0.22) 0(0.30 = 0.44) 0.50(0.40 £ 0.41) 0.50(0.50 = 0.50)

Interaction H=1.727; p > 0.10; Effect of infection H = 11.143; p< 0.01; Effect of Immunomodulators H = 1.727; p > 0.50.

TABLE 6
Results of statistical analysis. Serum neutralizing titers expressed in IU/ml at the 13-14th day. Median (mean and SD), 1996.

Immunomodulator Infection Without BCG P acnes Avridine
Without 0 0 0 0
With 2.00 (1.40 = 0.89) 0 (0.20 £ 0.44) 0.50 (1.00 = 0.70) 0(0.10 £0.22)

Interaction H=6.508; p < 0.02; Effect of infection H = 14.356; p < 0.001; Effect of Immunomodulators H = 6.507; 0.05 <p < 0.10.

TABLE 7
Results of statistical analysis. Determination of IFN-y by ELISA test at the 6-7th day, values in IU. Median (mean and SD), 1996.

Immunomodulator Infection Without BCG P. acnes Avridine
Without 0(8.13 = 18.18) 28.02 (25.05 + 24.36) 70.33 (81.26 = 52.34) 72.71 (72.70 + 21.66)
With 73.00 (71.19 £23.43) 80.22 (84.39 + 96.99) 67.58 (63.95 + 24.25) 60.16 (60.16 + 21.63)

Interaction H=7.882; p < 0.01; Effect of infection H = 3.213 p > 0.10; Effect of Immunomodulators H = 3.536; p > 0.25.

TABLE 8
Results of statistical analysis. Determination of IFN-y by ELISA test at the 13-14th day, values in [U. Median (mean and SD), 1996.

Immunomodulator Infection Without BCG P. acnes Avridine
Without 103.30 (146.92 + 152.44) 24.72 (122.63 +244.20) 62.09 (75.15 +77.61) 0
With 0 0 0(11.97 £17.10) 0(49.12 + 109.83)

Interaction H=9.591; p < 0.001; Effect of infection H = 5.738 p < 0.02; Effect of Immunomodulators H = 2.703; p > 0.50.

TABLE 9
IFN-y determination by the ELISA test in pooled sera taken from five mice belonging to different groups at 3, 6, 12 and 24 hours after
the treatments. Values expressed in 1U, 1996.

Hour Gl G2 G3 G4 G5 G6 G7 G8

3 45.05 56.59 66.48 29.12 77.47 93.41 71.98 80.22
6 106.04 95.60 71.43 69.78 85.71 98.35 73.07 67.03
12 0 0 23.62 21.98 109.34 101.10 71.42 96.15
24 68.68 32.97 0 52.20 99.45 135.71 93.40 129.12

110



MEGID, J.; PERACOLI, M.T.S.; CURI, PR.; ZANETTI C.R.: CABRERA, W.H.; VASSAO, R. & ITO, FH. - Effect of bacillus of Calmette-Guérin, avridine and Propionibacterium acnes
as immunomodulators on rabies in mice. Rev. Inst. Med. trop. S. Paulo, 41 (2): 107-114, 1999.

TABLE 10
Percentage of survival, incubation and evolution period in
different groups. Botucatu-SP, 1996

Groups Survival PI PE
G1-G4 100%

G5 41% 12d 13d
Go6 48% 12d 13d
G7 60% 12d 13d
G8 44% 12d 13d

PI = period of incubation in days
PE= period of evolution in days.

mm

antirabies cellular immunity characterized by delayed type
hypersensibility. The results were extremely variable. This lack of
response to the test in infected animals could be explained by the
necessity of previous application of an adjuvant of T cells, like BCG,
in order to obtain higher levels and more constant DTH responsem,
which is in accordance with BLANCOU et al.” who found more
intense reaction in vaccinated mice treated with BCG. It was observed
the decrease in the thickness of the pads in almost all infected groups
at the 13-14th day, with exception of mice treated with P.acnes. This
result could be explained by consequence of the weight losses observed
in those animals at the peak of the disease. Moreover, TSIANG &
LAGRANGE'' considered that DTH reactions of low intensity in
rabies were due to the viral suppression.

The infection with rabies virus induced a cellular response,
manifested by MIF test at the 6-7th day, reaching the maximum
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Fig. 1 - IPI values expressed in millimeter of thickness, in mice
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Fig. 2 - MIF values expressed in percentage of migration inhibition,in mice belonging to different groups at the 6-7 and 13-14th day, 1996.
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Fig. 3 - Serum neutralizing titers expressed in IU/ml, in mice belonging to different groups, at the 6-7 and 13-14th day, 1996.
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Fig 4 - IFN-y determination by the ELISA test in pooled sera taken from non infected mice belonging to different groups. Values expressed in IU, 1996.
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Fig. 5 - IFN-y determination by the ELISA test in pooled sera taken from infected mice belonging to different groups. Values expressed in TU, 1996.

inhibition intensity at the 13-14th day. Evidence of the cellular
immune response after the infection with rabies virus was reported
by several authorszs"u, who detected the maximum peak at the first
nine days after the infection, with gradual decrease thereafter;
PERRIN et al.” reported reduction in the production of IL-2 after
infection of mice with rabies virus; KAWANO et al.]8 described
cytotoxic activity of splenic cells, contrasting to the results found
in this experiment in which the peak of MIF reaction was observed
at the 13-14th day.

The levels of serum neutralizing antibodies were not associated
: : . . . 24
with the survival rate, in line with the report of NUNBERG et al. .

In this experiment, infected mice were found with lower production
of IFN-yat the 13-14th day, coinciding with the peak of the symptoms
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of the disease. Immunosuppression due to viral infection was reported
by PERRIN et al.'s, through the decrease in IL-2 production.

The interferon inducing capacity of Avridine was characterized at
the 13-14th day in infected mice which presented higher IFN-y titers
than the other groups, according to the report of NIBLACK et al”.

In spite of the higher number of surviving mice observed in the
groups treated with Pacnes, no statistically significant differences
were found between the period of incubation, this fact agrees with the
work of SMITH et al.” who found, in immunosuppressed and
immunocompetent animals, the same mean period of mortality although
there was difference in the survival rate.

The results found with P. acnes could be explained by its activity at
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the macrophage level, which release IL-1, TNF-o and IL-6 few hours
after the administration of P. acnes '9. P. acnes is considered as a
stimulator of NK cells activity through the liberation of IFN and TNF".

According to the methodology and biological model used, P. acnes
has been characterized as the best immunomodulator in this experiment.

The survival rate, even after the inoculation of rabies virus was
not correlated with the titers of serum neutralizing antibodies, IFN-y
concentration and intensity of MIF response.

RESUMO

Efeito do bacilo de Calmette-Guérin, Avridina e
Propionibacterium acnes como imunomoduladores na raiva
em camundongos

Avaliou-se a resposta imune celular e humoral de camundongos
inoculados com virus rébico de rua e submetidos aos imunomoduladores
Onco-BCG, avridina e Propionibacterium acnes. Os animais subme-
tidos ao tratamento com P.acnes apresentaram um maior percentual
de sobrevivéncia quando comparados aos dos demais tratamentos.
Foram observados menores niveis de IFN-y nos animais infectados,
sugerindo imunossupresséo viral. O teste do Coxim Plantar néo foi
eficaz para a detecgdo da resposta de hipersensibilidade retardada na
metodologia utilizada, contrariamente ao MIF. A sobrevivéncia dos
animais ndo apresentou correlagdo com os niveis de anticorpos
soroneutralizantes, concentragdo de IFN-y e resposta ao MIF.
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