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WITH INACTIVATED VACCINE ADJUVANTED WITH EITHER ALUMINUM
HYDROXIDE ALONE OR COMBINED WITH AVRIDINE

O.Umehara?!, D. De Lucca Neto?, E. Moro?, F. Bernardi? F.H. Ito!, C.A. Rodrigues?®

!Laboratérios Pfizer Ltda, Rua dos Ingleses, 569, CEP 01329-905, Bela Vista, Sdo Paulo, SP, Brasil.

ABSTRACT

A study was conducted in Brazil from November 1999 to November 2000 to evaluate the
antibody response of cattle vaccinated with an inactivated rabies virus vaccine adjuvanted with
aluminum hydroxide (Al(OH),) alone or combined with Avridine. Sixteen (16) female Holstein
calves, 7 to 8 month old, with no history of vaccination against rabies were vaccinated (IM 2 mL)
with the Al(OH), adjuvanted vaccine on days 0, 90 and 360, and, 16 similar calves were vaccinated
(IM2mL)withthe Avridine containing vaccine. Ondays0, 30, 90, 120, 180, 360 and 390 post primary
vaccination, blood sampleswere collected fromall calvesfor antibody titration by serum neutralization
testin mice, withfixed virus/varying serum method, using 100 LD, /0.03 mL of the CVSrabies virus
strain. The two vaccines provoked antibody response with titers that persisted above 2.264 Log,,
SN,, throughout the study. The mean antibody titer at 30 days p.v. was numerically higher for the
AI(OH), adjuvanted vaccine, but the Avridine containing vaccine was numerically higher at day 90
although not significant. Following revaccination at day 90, the antibody level induced by the
Avridine containing vaccine was higher and persisted higher until the end of the study. The
difference was significant (p<0.05) on days 180, 360 and 390. Although the Avridine containing
vaccine had atendency to persistin higher level, both vaccines induced antibody titers that persisted
>2.264 Log,, SN, during the entire study period post initial vaccination.
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RESUMO

ANTICORPOS NEUTRALIZANTES DO VIRUS RABICO INDUZIDOS EM BOVINOS PELAS
VACINASDE VIRUSINATIVADO FORMULADASSOMENTE COM O ADJUVANTE HIDROXIDO
DE ALUMINIO OU COMBINADA COM AVRIDINE. Avaliou-se a resposta de anticorpos em
novilhas induzida pelas vacinas de virus rabico inativado, formuladas somente com o adjuvante
hidroxido de aluminio (AI(OH),) ou combinada com Avridine (Al(OH), + Avridine). Dezesseis
novilhas holandesas, 7 a8 meses de idade, sem histdrico de vacinagdo anterior foram vacinadas (IM
2 mL) nos dias 0, 90 e 360 com a vacina contendo somente Al(OH), como adjuvante e 16 novilhas
foram vacinadas (IM 2 mL) com a vacina adicionada de Avridine. Amostras de sangue foram
coletadas nos dias 0, 30, 90, 120, 180, 360 e 390 e os anticorpos neutralizantes foram titulados pelo
teste de soro-neutralizagdo em camundongos usando-se quantidade fixa do virus CVS (100 DL,/
0,03 mL) e soro variavel. As duas vacinas induziram titulos de anticorpos que persistiram acima de
2,264 Log,, SN, durante todo o periodo do estudo. A media dos titulos de anticorpos aos 30 dias
foi numericamente maior para a vacina com adjuvante Al(OH),, mas a vacina contendo Avridine
apresentou médiade titulos maior aos 90 dias, emboranéo significante. Apds arevacinacdo
aos 90 dias, as médias dos titulos de anticorpos foram maiores nos animais que receberam
avacinacontendo Avridine. As diferencas foram significantes (p<0,05) nos dias 180, 360
e 390. Embora os titulos de anticorpos induzidos pela vacina contendo Avridine tenham
mostrado tendéncia a se manter em niveis maiores, ambas as vacinas induziram respostas
de anticorpos cujos titulos se mantiveram acima de 2,264 Log,, SN, durante todo o
periodo pés-vacinagao.

PALAVRAS-CHAVE: Raiva,vacina, adjuvante, avridine, hidroxido dealuminio, bovino, anticorpo
neutralizante.
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INTRODUCTION

Rabies, a fatal infectious disease caused by a
neurotropic virus of the Lyssavirus genus,
Rhabdoviridae family affectsanimalsand men (TURNER,
1984). The virus is maintained in the nature by three
distinct epidemiological patterns: the urban rabies
maintained by the canine population affecting the
domestic pets, dogs and cats, the rural and sylvatic
rabies maintained by all species of bats and wild
carnivores, such as skunks, wolves, foxes and
racoonsinthe USAand Canada, or red foxesin Europe.
In Latin Americathe vampire bats (Desmodus rotundus,
Diaemus youngii and Diphylla ecaudata) are the main
source of transmission to bovine and other animals
(AcHA & Szyrres, 1987).

Rabies was known since antiquity, described for
thefirsttimein5008.c. (STeeLE, 1975), and the vaccine
against rabies was the first vaccine obtained by arti-
ficial means by Pasteur in 1885 (TurNer, 1984).
Althoughmany countriesorregions have successfully
controlled the disease incidence (Morris & GEERING,
1981), rabies infection continues to pose asignificant
risk to the human and animal population in many
other countries. For example, in Brazil, in 1999, cases
of rabieswereregistered inseveral States affecting 970
canines, 2.628 bovines, 331 other domestic animals,
and 31 wild animals (BoLETiIM DE VIGILANCIA
EriDEmioLOGICA DARAIVA NAs AMERICAS, 1999). Human
rabies occurred in 9 States with a total of 18 cases
during 2000 (AraUi0, 2000).

The urban rabies control program includes the
vaccination of dogs and cats, and the stray dog
population control, restriction of free movement,
selective euthanasia recommended in special
cases for example, non vaccinated dogs living
near slaughterhouses, supermarkets or food
manufacturing establishments (OMS, 1992). The
urban control program is conducted by the public
health authorities due to its zoonotic significance,
while the control of rural rabies is conducted under
the responsibility of the agriculture authorities,
where itseconomicimportance playsamajor role.
Therural rabies control program includes sanitary
education to farmers, rabies diagnostic activities,
control of vampire bats, vaccine quality control,
etc.,and vaccination of livestock and farm animals
conducted by the owners.

Many vaccine types have been used in Brazil for
the control of urban or rural rabies, including Flury
HEP (high embryo passage), Fuenzalida & Palacios
(mouse brain passage) and tissue culture produced
with either attenuated live virus (ABeLseTH, 1967) or
inactivated ones (GuipoLIN et al., 1983; LarGHI et al.,
1976). The inactivated rabies virus vaccines
adjuvanted with aluminum hydroxide alone or

combined with other adjuvants such as saponine
have been largely used for the protection of cattle
(Rieeiro-NEeTOe€tal., 1973). The inclusion ofthe Avridine
(asynthetic lipoidal amine adjuvant) additionally to
aluminum hydroxide demonstrated a significant
improvement on the primary antibody response of
cattle following a 5-mL vaccination dose. Three
hundred (300) days after revaccination the antibody
profile and the percent protection against virulent
rabies virus challenge was similar in both groups
(CorTes et al., 1993).

The objective of the present study was tocompare
theantibody profile (determined by the mouse serum
neutralization test) of cattle vaccinated with
inactivated rabies virus vaccines adjuvanted with
either aluminum hydroxide alone or combined with
Avridine using 2-mL dose.

MATERIALAND METHODS

Vaccines

The antigen of PV rabies virus strain grown in
BHK deep suspension culture and inactivated by
BEI (Binaryethyleneimine) was adsorbed onto
aluminum hydroxide gel and formulated as a
commercial Avridine vaccine (Rabivac -
Laboratorios Pfizer Ltda) or without Avridine
(vaccine with aluminum hydroxide alone). Four
liters of each formulation were bottled for the expe-
rimental purpose. The vaccine containing Avridine
was recorded as Exp. Vaccine Lot 0599001 (AI(OH),
+ Avridine) and the vaccine without Avridine as
Exp. Vaccine Lot 0599002 (AI(OH),). Both
formulations contained the same amount ofantigen
and other components with the only difference
being the addition of Avridine formulated as
described elsewhere (CorTes et al., 1993). The
vaccines passed the mouse potency test performed
by the Habel Method (Table 1).

Animals, vaccinationsand blood sampling

Thirty- two (32) female Holstein calves, 7 to 8
monthsold, with no history of vaccination against
rabieswererandomly assignedtoaT1lor T2group
of 16 calves each. Calves in T1 group were
vaccinated on days 0 and 90 with the Exp. Vaccine
Lot 0599002 (Al(OH),) and calvesin T2 group were
vaccinated on those same days with the Exp.
Vaccine Lot 0599001 (AlI(OH), + Avridine). The
vaccinations were given by IM injections with a 2
mL dose. On day 360 the calves received a third
vaccination dose (2 mL, IM). Blood samples were
collected from all animals on days 0, 30, 90, 120,
180, 360 and 390 according to the study design
outlined in Table 2.
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Table 1 - Potency test results.

Exp. Vaccines Volume Habel Test

Lot 0599001 (AI(OH),
+ Avridine)

Manufacturing date:
20 May 1999

4,000 mL 4.5 Log 10 Pass

Lot 0599002 (AI(OH),
Manufacturing date:
20 May 1999

4,000 mL 5.5 Log,, Pass

Pass level 4.0 Log,,

Serological method

Theserumsamplesobtainedwereassayed by serum
neutralizationtestinmice usingafixed amountofvirus/
varying serum, according to the method described by
FirzceraLD(1996). Each serumsamplewasserially diluted
indistilled water containing 2% normal horseserum, by
two-foldstepsstartingfrom 1:5. Eachserumdilutionwas
mixedwithanequal volumeofthe CVSrabiesvirusstrain
pre-diluted tocontainapproximately200LD, /0.03mL
andthe mixtureswereincubated at37°C for 90 minutes.
Each virus-serum dilution mixtures were inoculated
intracerebrally in 5 mice (21 day old Swiss albino mice,
weighing 11-14 g), with 0.03 mL of the mixture. After
inoculation, the mice wereexamined during 21 daysfor
signsofrabiesordeath. Thenumber of survival or death
were recorded and the virus neutralizing titers were
calculated according to the method of rReep & MUENCH
(1938) and expressed as- Log,, SN, .

Statistical analysis

Thegenerallinear repeated measures mixed model
analysis of variance was used for statistical analysis

Table 2 - Study design.

ofthe Log, SN, Leastsquare means were used for
Pairwise comparisons between treatments ateach
sampling day. The significance level was set at
alpha = 0.05.

RESULTSAND DISCUSSION

The primary onset of antibodies was higher than
2 Log,, SN, in both vaccinated groups. At 30 days
post vaccination the mean antibody titer was
numerically higher forthe calves receiving the vaccine
adjuvanted with aluminum hydroxide alone, but at
day 90, thetitersinthe group injected with the vaccine
containing Avridine was higher although not
significant (Table 3 and Fig. 1). Following
revaccination on day 90, both vaccinated groups
increased the antibody titers that were maintained
above 2.65 Log,, SN, until day 360 post primary
vaccination. At day 390, following revaccination on
day 360, theantibody titersachieved 3.163 Log, SN,
and 3.446 Log, SN, for the vaccine adjuvanted with
Al(OH),aloneandforthe vaccine containing Avridine,
respectively. The antibody level induced by the
Avridine containing vaccine following revaccination
on day 90, was higher and persisted higher until the
end of the study compared to the antibody titers
induced by the vaccine adjuvanted with Al(OH),
alone. The difference wassignificant (p<0.05) on days
180, 360 and 390.

The serological results reported here are similar to
those obtained by Cortesetal. (1993) and demonstrate
thatalthoughtheantibody profilefollowingthe primary
vaccination in this study was examined only until day
90, there was a tendency for the vaccine adjuvanted
with Avridine to maintain higher level as reported by
Cortesandco-workers. Inthe presentstudy, theantibody
titersinduced by both vaccines were higher than 2.264

Blood sample (B) and Vaccination (V) Day

No. DOT** DOT
Animals 0 30

Groups/
Treatment

DOT

DOT
90 120

DOT
180

DOT
360

DOT
390

T1 Lot
0599002 16
(AI(OH),)

(B) (V) B)

T2 Lot

0599001 16
(AI(CH), +
Avridine)

(B) (V) B)

B) (V)

B) (V)

B) (B) B) (V) B)

B) (B) B) (V) B)

* Vaccination: 2 mL by IM route. ** Day On Test

Note: On days 0, 90 and 360, blood samples were collected before vaccination.
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Table 3 - Rabies virus neutralizing antibody titers in cattle following vaccination with the vaccine adjuvanted with
aluminum hydroxide alone.

Antibody titers (Log,; SN, )

Calf
Number DOT 0* DOT 30 DOT 90* DOT 120 DOT 180 DOT 360* DOT 390
5468 0.903 1.999 2.204 2.919 2.644 2.429 3.100
5480 0.778 2.317 1.753 2.656 2.129 3.090 3.190
5481 0.778 2.508 2.555 2.669 2.505 2.650 2.920
5494 <0.699 2.328 2.317 2.806 3.360 3.010 2.890
5496 0.778 3.182 3.659 2.806 2.505 1.995 3.310
5517 <0.699 2.413 2.137 2.618 2.758 2.740 3.300
5520 0.845 3.470 2.505 2.592 2.739 2.950 2.860
5523 0.778 2.328 1.602 2.713 2.254 2.620 3.290
5528 <0.699 2.366 1.702 2.333 2.505 1.840 3.100
5529 <0.699 2.154 2.054 2.430 2.166 2.505 3.310
5542 <0.699 3.822 2.108 2.346 3.107 2.550 2.940
5545 0.778 2.505 2.279 2.806 2.505 2.980 3.050
5546 0.903 2.873 1.807 2.629 3.709 3.172 3.770
5547 <0.699 2.714 2.656 2.862 2.667 2.990 3.100
5551 0.778 3.759 2.555 2.881 2.881 2.980 3.220
5553 <0.699 3.157 2.325 2413 2.333 2.016 3.260
Mean <0.763 2.743 2.264 2.655 2.673 2.657 3.163
SD 0.071 0.571 0.493 0.191 0.428 0.416 0.225
Minimum <0.699 1.999 1.602 2.333 2.129 1.840 2.860
Maximum 0.903 3.822 3.659 2.919 3.709 3.172 3.770

*Vaccination days.

:

2,5

¢

LOg 10 SNso
N

0 T T T T T
0 30 90 120 180 360 390

Days post vaccination

¢~ Rabivac (Al(OH)3 =il Rabivac (AI(OH)3 + Avridine)

3 3

Fig. 1- Mean rabies virus neutralizing antibody response profile of cattle vaccinated with inactivated vaccine adjuvanted
with aluminum hydroxide alone or combined with Avridine.
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Table 4 - Rabies virus neutralizing antibody titers in cattle following vaccination with the vaccine adjuvanted with

aluminum hydroxide plus Avridine.

Antibody titers (Log,; SN, )

Calf
Number DOT 0* DOT 30 DOT 90* DOT 120 DOT 180 DOT 360* DOT 390
5461 0.778 2.409 1.774 2.927 3.107 2.806 3.300
5469 <0.699 3.822 2.902 2.409 2.505 3.010 3.230
5484 <0.699 2.325 1.953 2.392 2.505 2.990 3.230
5485 0.778 3.258 3.057 2.854 3.258 2.870 4.160
5497 0.903 2.271 2.601 2.978 3.483 2.900 3.400
5501 0.778 2.555 2.505 2.881 2.618 2.930 3.800
5504 0.778 2.204 3.203 2.505 2.994 2.550 3.100
5508 0.778 2.409 2.137 2.927 2.968 3.030 3.230
5518 0.845 2.413 2.656 2.650 3.015 3,107 3.300
5526 0.778 3.347 2.366 2.806 3.107 2.900 3.510
5535 <0.699 2.317 2.054 2311 3.057 3.270 3.230
5537 <0.699 3.228 2.806 2.378 2.806 3.005 4.260
5539 <0.699 2.366 2.260 2.756 3.504 2.950 3.400
5540 <0.699 2.409 2.693 2.907 2.693 3.005 3.220
5541 <0.699 2.455 2.204 2.769 2.806 2.994 3.320
5548 <0.699 2.374 3.107 2.968 2.927 2.980 3.450
Mean <0.750 2.635 2.517 2.714 2.960 2.956 3.446
SD 0.062 0.487 0.433 0.237 0.302 0.150 0.339
Minimum <0.699 2.204 1.774 2.311 2.505 2.550 3.100
Maximum 0.903 3.822 3.203 2.978 3.504 3.270 4.260

* Vaccination days.

Table 5 - Mean antibody titers of cattle vaccinated with rabies vaccine adjuvanted with aluminum hydroxide alone or

combined with Avridine.

Vaccine with AI(OH) ,

Vaccine with Al(OH) , + Avridine

Days post
vaccination No. of calves ~ Mean Log,, SN,, SD No. of calves  Mean Log,, SN, SD
0* 16 <0.763* 0.071 16 <0.750 ® 0.062
30 16 2.743* 0571 16 2.635° 0.487
90* 16 2.264 2 0.493 16 2.517* 0.433
120 16 2.655* 0.191 16 2.714* 0.237
180 16 2.673% 0.428 16 2.960° 0.302
360* 16 2.657 2 0.416 16 2.956° 0.150
390 16 3.163*° 0.225 16 3.446° 0.339

*Vaccination days.

ab= Between treatments, means with different superscripts are significantly different (P<0.05).

Log,, SN, duringtheentirestudy period. Interestingly
enough, the sharply and high antibody increase
following booster vaccination at 180 or 360 days
obtained by Cortesetal. (1993) wasnotobservedinthe
present study when animals were revaccinated at 90
days and 360 days post primary vaccination. It isalso
noteworthythat,intheirstudy,therewasarapid decrease
intheantibody level after the primary vaccination that
was not observed in the present study.

The high titer at the moment of revaccination in
this study may have limited the antibody response,

but after revaccination the antibody titers were
maintained at a plateau higher than 2.65 Log,, SN,
until day 360. Although impairment of passively
acquired immunity to vaccination response is well
known, interference of actively induced immunity to
booster response shortly after revaccination has not
been demonstrated (IToetal., 1991).

Nevertheless, theresultsreported here demonstrate
thatboth formulationshave ahigh onsetand duration
of immunity, and indicate that revaccination at 90
days post primary vaccination is beneficial and
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represents an additional precaution to improve
protection when the epidemiological risks of the
disease infection are high. Thereafter revaccinationat
on an annual basis is recommended.
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