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In order to determine the best type of rabies vaccine to use as a booster, 78  serological samples from
singly vaccinated cattle were analyzed by counterimmunoelectrophoresis technique. The animals were
divided into several groups, received the first vaccine dose with modified live virus vaccine (ERA strain)
and were revaccinated with inactivated virus or modified live virus vaccines. Boosters were given at 2,
4, 8, 12 and 16 weeks following first vaccination. Results showed high titres in the cases of booster with
inactivated vaccine. In all cases, however, detectable antibody titres declined quickly.
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Rabies has been recorded since ancient times.
At present, the disease still causes  remarkable eco-
nomic damage through loss of animals destined
for production, mainly in Latin America. In Bra-
zil, bovine and equine herds are severely affected
by the disease.  The resulting loss is a consequence
of the failure of herd owners to vaccinate their ani-
mals appropriately. In fact, the only effective means
of rabies control in herbivores is routine vaccina-
tion and control of the vampire bat (Desmodus
rotundus) populations.

The countless types of commercially available
vaccines make it difficult to determine clear pro-
cedures for effective immunization of the animals.
Handling and storage of some types of vaccines
require special care.  Many herd owners vaccinate
their animals periodically, but use different types
of vaccine in subsequent vaccinations.  Some of
them complain of loss of animals during long post-
vaccinal periods despite following rigorous vacci-
nation schedules. Such loss can be attributed to
inadequate use of the vaccines, and to failure of
the vaccine to adequately immunize the animals
or to protect them against possible antigenic varia-
tions of the rabies viruses present in the bat popu-
lations.

The correct use of the different types of com-
mercially available rabies vaccines is often ignored
or neglected.  Sometimes vaccinations are only
undertaken after the first animals are lost and thus
individual animals which already incubate the dis-
ease may die even after vaccination.

The effect of modified live virus (MLV) booster
is still unknown in Brazilian livestock.  Theoreti-
cally, the live virus used as a second vaccination
could be neutralized by already circulating anti-
bodies produced in response to the primary vacci-
nation.  In this case, the inoculated live virus could
be inactivated and come to act as a booster of inac-
tivated virus (IV) vaccine, although with much less
potency than those of the inactivated vaccines with
adjuvant. Alternatively, there are indications that
some MLV vaccines are not inducing adequate
titres of neutralizing antibodies against rabies vi-
rus, mainly in singly vaccinated animals (Ciuchini
et al. 1981).  These vaccines are probably more
effective in inducing cellular immunity than hu-
moral immunity.

A better understanding of the effects of the
boosters and the immunological memory mecha-
nisms in cattle is thus necessary, especially to en-
able us to assist professionals in a correct approach
to the question of rabies vaccination. The purpose
of this paper is to define the most adequate type of
vaccine for use in booster schedules against rabies
in cattle and to verify the best period for booster of
singly vaccinated heifers with MLV by analyzing
circulating neutralizing antibody titres.
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MATERIALS AND METHODS

Animals -  Seventy-eight half-breed zebu/
european cattle (Bos taurus) destined for slaugh-
ter, between six months and one year of age, were
evaluated in this study. These cattle had no history
of previous rabies vaccination so as to minimize
the possible interference of maternal antibodies
(Tollis 1989).

All regular management practices of the farm
were maintained unchanged during the period of
the trial, except with regard to rabies vaccination.
In the week preceding and following vaccination
no chemotherapeutic products were used.

Vaccines - Two distinct types of commercially
available rabies vaccines were used: MLV vaccine
from the Evelyn-Rockitinicki-Abelseth (ERA)
strain, and IV vaccine produced with fixed Pas-
teur virus in cell culture. The vaccines were ob-
tained directly from the producers. The infecting
titre of the MLV vaccine was 10-3,75 and of the IV
vaccine was   10-5,58 (Habel 1976).

Vaccination - Vaccines were kept refrigerated
and used within the expiration date. Vaccination
was carried out rigorously observing the
recommedations of the manufacturers: the MLV
vaccine was used within 1 h of reconstitution and
kept refrigerated; the IV vaccine was administered
following the same criteria used for the MLV vac-
cine. Each animal received 2 ml of MLV or IV
vaccines by intramuscular route (gluteus muscle).

The animals were  iron marked at day 0 using a
maximum of two digits, forming a total of 13
groups of six animals each, numbered 0, 1, 2, 3.1,
3.2, 4.1, 4.2, 5.1, 5.2, 6.1, 6.2, 7.1 and 7.2.

Control groups - Animals were divided into
three groups (0, 1, 2) with six animals each. Group
0 was not vaccinated. Group 1 received a single
dose of IV vaccine, and group 2 received one dose
of MLV vaccine during the whole period of the
experiment.

Test vaccine groups - Animals were divided into
ten groups of six animals each.  All of them re-
ceived a first dose of MLV vaccine. Five groups
received a booster of IV vaccine and five groups
received MLV vaccine. Each of the groups received
the booster at a different time after the first vacci-
nation starting at the 2nd week after
primovaccination until the 16th week. Groups 3.1
and 3.2 received boosters in the 2nd week; groups
4.1 and 4.2 received boosters in the 4th week;
groups 5.1 and 5.2 received boosters in the 8th
week; groups 6.1 and 6.2 received boosters in the
12th week; and groups 7.1 and 7.2 received boost-
ers in the 16th week.

Collection of samples - Serological samples
were collected at 0, 2, 4, 6, 8, 12, 16, 20, 28 and 32
weeks following the first vaccination. A blood
sample of approximately 10 ml was collected from

the jugular vein of each animal. Samples were kept
refrigerated for approximately 12 h to allow co-
agulation. The sera obtained were purified by cen-
trifugation, the complement inactivated for 30 min
at 56°C and then frozen at -20°C until tested.

Serological study - Rabies titres were analyzed
by counterimmunoelectrophoresis (CIE) (Diaz &
Myers 1980) with modifications recommended by
Moura (1993). Two lots of antigen (003/94 and
004/94) were used, both of them prepared by pas-
sage of CVS-31 in suckling mice. Titres of the
antigen were determined in comparison with stan-
dard serum using an optimal dilution of 1:8 and
1:40, respectively. A pool of sera from rabbits hy-
perimmunized against rabies was used as positive
control (lot 002/92), at standard dilution of 1:30
for a titre of 1.024 by CIE technique.

RESULTS

Control groups -  None of the animals in group
0 (naive) tested positive for rabies antibodies dur-
ing the course of the experiment. Group 1 obtained
a maximum titre of  2.0. Only one animal devel-
oped a titre in the 2nd week post-vaccination and
two animals were seropositive at the 4th week.
From the 6th week on all animals were seronega-
tive by CIE. Only one animal of group 2 devel-
oped a titre (= 2.0) in the 2nd and 4th weeks. No
animals developed rabies antibodies from the 6th
week after vaccination (Table I).

Revaccinated groups

2nd week - In the group receiving a booster dose
with IV vaccine (group 3.1) one animal developed
a titre ( = 4.0) at the moment of booster. Two weeks
after the booster all animals developed a titre of
2.0. On the other hand, already in the 4th week
following the booster, only one animal developed
a measurable titre.  From the 10th week no animal
showed seropositivity. In the group that received a
booster dose with the MLV vaccine (group 3.2)
there were no detectable titres during the whole
course of the experiment (Table II).

4th week - One hundred percent of  the animals
that received IV vaccine as a booster at the 4th
week (group 4.1) developed a titre in the 2nd week
following the booster. Overall, 33% of the animals
developed detectable titres. Only one animal de-
veloped a titre between the 8th and 16th week af-
ter the booster dose (Table III). The group that re-
ceived the  MLV vaccine booster at the 4th week
did not develop detectable titres.

8th week - Only one animal of the group that
received IV vaccine (group 5.1) did not develop a
titre in the 4th week after the booster. From the
12th week on all animals were seronegative.  In
the group that received MLV vaccine booster at
the 8th week (group 5.2) only one animal devel-
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were given a booster dose with respect to the pres-
ence or not of detectable antibodies obtained by
CIE were statistically analyzed using the chi-square
test, p = 0.01.  All groups revaccinated with IV
vaccine demonstrated significant results when com-
pared with the control group vaccinated with MLV
vaccine during the same period after the first vac-
cination. The groups revaccinated with MLV vac-
cine did not demonstrate significant results.  The
results are expressed at the end of each table.

DISCUSSION

Dogs are responsible for the vast majority of
human rabies deaths as they are the main transmit-
ters of urban rabies. Vampire bats are considered

TABLE I

Results of serology (antibody detection) obtained by counterimmunoelectrophoresis in the control groups –
maximum and minimum titres and ratio positives/total

            Group 0 Group 1 Group 2

Week CIEa Pos/Total CIEa Pos/Total CIEa Pos/Total
b b b

0 - 0/6 - 0/6 - 0/6
2 - 0/6 2 1/6 2 1/6
4 - 0/6 2 2/6 2 1/6
6 - 0/6 - 0/6 - 0/6
8 - 0/6 - 0/6 - 0/6
12 - 0/4 - 0/6 - 0/6
16 - 0/4 - 0/6 - 0/6
20 - 0/6 - 0/6 - 0/6
28 - 0/6 - 0/4 - 0/6
32 - 0/3 - 0/6 - 0/3

a: titre expressed as inverse of sera dilutions; b: variation of titres.

TABLE II

 Results of serology (antibody detection) obtained by
counterimmunoelectrophoresis in the groups

revaccinated in the 2nd week with live virus or
inactivated virus vaccine – maximum and minimum

titres and ratio positives/total

                      Group 3.1             Group 3.2

Week CIEa Pos/Total CIEa Pos/Total
b b

0 - 0/6 - 0/6
2c 4 1/6 - 0/6
4 2   6/6d - 0/6
6 2 1/6 - 0/6
8 2 1/6 - 0/5
12 - 0/6 - 0/6
16 - 0/6 - 0/6
20 - 0/4 - 0/6
28 - 0/4 - 0/6
32 - 0/2 - 0/3

a: titre expressed as inverse of sera dilutions; b: variation
of titres; c: week of booster; d: x2= 8.57 [significant
result, x2>6.635 (p= 0.01)].

oped titre of 2.0, detected in the 4th week after the
booster (Table IV).

12th week - In the group receiving a booster
dose with IV vaccine (group 6.1), all animals had
detectable titres by the 4th week after the booster.
In the 8th week, however, only one animal showed
a titre. In the group that received MLV vaccine
booster at the 12th week (group 6.2), none of the
animals developed a detectable titre (Table V).

16th week - In both groups, titres were detected
in the 4th week after the booster; with 83% of the
animals in group 7.1 responding compared to 17%
in group 7.2 (Table VI).

Statistical analyses - The results of the analy-
ses of the sera collected from the groups which

TABLE III

 Results of serology (antibody detection) obtained by
counterimmunoelectrophoresis in the groups

revaccinated in the 4th week with live virus or
inactivated virus vaccine – maximum and minimum

titres and ratio positives/total

Group 4.1 Group 4.2

Week CIEa Pos/Total CIEa Pos/Total
b b

0 - 0/6 - 0/6
2 - 0/6 - 0/6
4c - 0/6 - 0/6
6 2-8   6/6d - 0/6
8 2-4 2/6 - 0/6
12 4 1/6 - 0/6
16 2 1/6 - 0/6
20 2 1/6 - 0/6
28 - 0/6 - 0/4
32 - 0/6 - 0/5

a: titre expressed as inverse of sera dilutions; b: variation
of titres; c:week of booster; d: x2=12 [significant result,
x2>6.635 (p= 0.01)].
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cantly to the creation of artificial shelters (Gambeta
et al. 1979). This was confirmed in the State of São
Paulo, Brazil, where of  the 113 wildlife refuges of
D. rotundus, only 28 (24.8%) were natural and 85
(75.2%) were artificial (Tadei et al. 1991).

Rabies vaccination in animals is normally un-
dertaken pre-exposure. This protective measure aims
to interrupt the transmission cycle in wildlife, inter-
rupt the cycle between domestic and wild animals,
and thus prevent the disease in man (Tollis 1989,
Baer 1991). The detection of specific serical neu-
tralizing antibodies is evidence of immune response
of the vaccinated animal (Atanasiu et al. 1968).

Commercially available rabies vaccines for vet-
erinary use can be prepared with MLV or with IV
virus strains.  The immune response to MLV vac-
cine depends on the replication of the virus in the
tissues of the animal, producing a specific response
to the modified rabies virus infection.  It is likely
that the virus of the MLV vaccine continues to rep-
licate in the tissues of the individual until antibod-
ies develop in sufficient number to neutralize or
completely inactivate the virus (Atanasiu et al. 1968).
The quantity of viral particles present in the IV vac-
cine is higher than that in the MLV vaccine.  The
immunization potency of the latter is related to the
replication of the virus in the muscular tissue, and
therefore requires entire and viable virions.  This
may explain the fact that the additional dose of MLV
vaccine did not induce adequate levels of rabies
antibodies during the tested period.

The immunity produced by IV vaccine is basi-
cally associated with the quantity of antigen in the
vaccine.  In this case, no replication takes place

TABLE IV

 Results of serology (antibody detection) obtained by
counterimmunoelectrophoresis in the groups

revaccinated in the 8th week with live virus or
inactivated virus vaccine – maximum and minimum

titres and ratio positives/total

Group 5.1 Group 5.2

Week CIEa Pos/Total CIEa Pos/Total
b b

0 - 0/6 - 0/6
2 - 0/6 - 0/6
4 - 0/6 - 0/6
6 - 0/6 - 0/6
8c - 0/6 - 0/6
12 2-4   5/6d 2 1/5
16 2 3/6 - 0/6
20 - 0/6 -  0/5
28 - 0/6 - 0/6
32 -  0/6 - 0/5

a: titre expressed as inverse of sera dilutions; b: variation
of titres; c: week of booster; d: x2= 8.57 [significant
result, x2>6.635 (p= 0.01)].

TABLE V

 Results of serology (antibody detection) obtained by
counterimmunoelectrophoresis in the groups

revaccinated in the 12th week with live virus or
inactivated virus vaccine – maximum and minimum

titres and ratio positives/total

Group 6.1 Group 6.2

Week CIEa Pos/Total CIEa Pos/Total
b b

0 - 0/6 - 0/6
2 - 0/6 - 0/6
4 - 0/6 - 0/6
6 - 0/6 - 0/6
8 - 0/6 - 0/6
12c - 0/6 - 0/6
16 2-4   6/6d - 0/6
20 2 1/6 - 0/5
28 - 0/6 - 0/6
32 - 0/6 - 0/5

a: titre expressed as inverse of sera dilutions; b: variation
of titres; c: week of booster; d: x2= 8.57 [significant
result, x2>6.635 (p= 0.01)].

the main transmitters of rabies in the wild (Meslin
et al. 1994). As to the number of cases of human
rabies, about 15% of deaths are attributable to bats.
This problem is the result of large pieces of land
used for monocultures, resulting in a reduced num-
ber of animals and lack of food for the vampire bats
or due to regions with constant deforestation
(Schneider 1990). The migration of the human popu-
lation from rural to urban areas contributes signifi-

TABLE VI

 Results of serology (antibody detection) obtained by
counterimmunoelectrophoresis in the groups

revaccinated in the 16th week with live virus or
inactivated virus vaccine – maximum and minimum

titres and ratio positives/total

Group 7.1 Group 7.2

Week CIEa Pos/Total CIEa Pos/Total
b b

0 - 0/6 - 0/6
2 - 0/6 - 0/6
4 - 0/6 - 0/6
6 - 0/6 - 0/6
8 - 0/6 - 0/6
12 - 0/6 - 0/6
16c - 0/6 - 0/6
20 2   5/6d 2 1/6
28 - 0/6 - 0/6
32 - 0/4 - 0/6

a: titre expressed as inverse of sera dilutions; b: variation
of titres; c: week of booster; d: x2=12 [significant result,
x2>6.635 (p= 0.01)].
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and immunity is established after the first vaccina-
tion (Atanasiu et al. 1976).  The control group vac-
cinated with IV vaccine was included to preclude
any doubt about the kind of response, primary or
secondary, after the booster. The response to the
booster dose with the IV vaccine was overwhelm-
ingly of the secondary type. These animals dem-
onstrated a considerable rise in rabies titres reach-
ing much higher levels than found in the animals
vaccinated with a single dose of IV vaccine (con-
trol group), which showed characteristics of pri-
mary response.  The secondary  response was not
so well characterized in the animals which were
given a booster dose with the MLV vaccine where
the highest titre (= 2.0) was found in the group
boosted eight weeks after the first dose.

The defense mechanisms against the virus in-
clude nonspecific and specific mechanisms. Prob-
ably the most important among the nonspecific
mechanisms against virus infection is the phenom-
enon of interference where interferons are pro-
duced immediately after viral invasion (Tizard
1985, Fenner 1993, Abbas et al. 1995).  In the stud-
ies of Ito (1988), antigen consumption was not
observed after the booster with IV vaccine. Like-
wise, consumption of rabies antigen  and blocking
of epitopes by  antibodies that develop after the
first vaccination was not observed in this study
when using a booster dose of IV vaccine. The low
response to the booster with MLV was possibly
caused by the phenomenon of interference related
to the restricted infection that occurred after the
first vaccination or to neutralization of the virus,
inhibiting absorbtion or penetration of a great num-
ber of particles into the cells.

The relative ease with which the antibodies can
be measured, albeit not very accurately, is funda-
mental to evaluating the efficiency of antirabies
vaccines (Turner 1985). The CIE technique, for
example, evaluates neutralizing antibodies directed
against the glycoprotein of the rabies virus (Diaz
& Myers 1980). Albas et al. (1992) considered CIE
sufficiently sensitive to be used in the evaluation
of the immune response of bovines to rabies vac-
cine, only needing to be adequately correlated with
the standard neutralization test in mice (Atanasiu
1976, Diaz & Myers 1984). This technique was
developed for the detection of rabies antibodies and
detects immunoglobulin G (IgG). By measuring
antibodies directed against the glycoprotein in the
viral surface, CIE detects the neutralizing poten-
tial of the sera studied (Diaz & Myers 1981).

In the rabies virus neutralization test IgM and
IgG are titrated jointly.  As a result, this test is in-
fluenced by the concentration of IgM, even though
levels are not highly effective under natural condi-
tions. The quality of the rabies vaccine can delay
the primary response due to aging of the antigen.

Rabies vaccines for veterinary use containing large
quantities of impurities and adjuvants or inadequate
immunogen may also delay this primary response.
The different characteristics of the immunoglobu-
lins suggest new theories of immunoregulation
which will lead to new studies to determine their
role in the resistance to rabies infection, as well as
to develop more adequate techniques for their iden-
tification.

Oliveira et al. (1994)  used CIE to analyze 118
samples from bovines vaccinated against rabies,
collected between 1 and 12 months following vac-
cination. Only 16 samples (13.5%) showed  anti-
body titres equal to or higher than 2. In the present
study, the efficacy of CIE in the detection of rabies
antibodies in bovines has been demonstrated in the
samples collected after the booster, mainly after
booster doses with IV vaccine. The peak of anti-
body titres in animals after the first vaccination with
MLV vaccine was verified in the 2nd week after
vaccination and declined subsequently as described
by Ciuchini et al. (1981).

Montaño et al. (1983), working with bovines,
verified that 88.2% of the animals which received
a booster dose of Fuenzalida and Palacios modi-
fied vaccine one year after the first vaccination with
ERA vaccine presented a titre of  > 25 in the neu-
tralization test in mice in the 4th month after the
booster. The sera of the animals which contained
antibodies were more effective in protecting mice
using fixed virus than when using a street rabies
virus. Atanasiu et al. (1976) working with MLV
vaccine produced in pig kidney cells and with IV
vaccine prepared in suckling mice brain tissue,
concluded that additional doses of these vaccines
in bovines, 30 days after the first vaccination, in-
creased the titres of neutralizing rabies antibodies
considerably within a period of eight days.  The
neutralization test in mice showed titres greater than
125.  This procedure, however, does not seem to
influence the persistence of the antibodies.

The results presented indicate that a single dose
of any of the tested vaccines does not induce detect-
able levels of antibodies in the majority of the ani-
mals after the first vaccination.  Increase of antibody
titres was only observed in some animals two and/or
four weeks following vaccination.  The maintenance
of antibody titres was critical in the major part of the
groups.  The groups which best maintained the titres
were those groups receiving a booster of IV vaccine
after four to eight weeks.  The fastest decline of titres
occurred in the groups revaccinated in the 2nd week
and after the 12th weeks.  The decline of titres in the
12th week may have occurred due to a decrease in
the number of memory cells.

In this experiment we observed that one dose
of MLV vaccine was able to induce a memory im-
mune response against the rabies virus.  The re-
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sponses to the booster doses were considered sec-
ondary responses.  The most efficient boosters,
evaluated by CIE, were those using IV vaccine,
mainly in groups 4.1 and 5.1 (booster in the 4th
and 8th weeks, respectively).

The cellular immune response induced by the
tested vaccines was not evaluated.  This response
may be important for the resistance to rabies in-
fection due to its role in overcoming established
infection and is likely induced by MLV vaccine
which produces modified infection.

Besides vaccination, the reduction of bat popu-
lations is an important factor in the control of ra-
bies.  The increasing creation of artificial shelters
and the abundant food sources available to D.
rotundus (Gambeta et al. 1979, Greenhall 1988,
Tadei et al. 1991) are all responsible for the rapid
growth in vampire bat populations, a problem
which is likely to get worse unless severe mea-
sures are taken.

In conclusion, initial vaccination with MLV
vaccine (ERA strain) can induce immunological
memory against rabies virus in bovines, however
MLV vaccine booster up until the 16th week does
not result in a rise of rabies antibody titres. In con-
trast, booster with the IV vaccine elevated the titres
significantly. Finally, the best period for booster
with IV vaccine was the 4th and 8th weeks after
initial vaccination.
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