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STUDIES ON HUMAN ANTI-RABIES IMMUNIZATION IN BRAZIL.

| - EVALUATION OF THE 3 + 1 PRE-EXPOSURE VACCINATION SCHEDULE

UNDER FIELD CONDITIONS.

Carlos Roberto ZANETTI, Luciana Botelho CHAVES, Andréa de Cissia Rodrigues SILVA,
Luiza Marny LEE & Octavio Augusto de Carvalho PEREIRA

SUMMARY

The currently used pre-exposure anti-rabies immunization schedule in Brazil is the one
called 3+1, employing suckling mouse brain vaccine (3 doses on alternate days and the last one
on day 30).

Although satisfactory results were obtained in well controlled experimental groups using
this immunization schedule, in our routine practice, VNA levels lower than 0.5 [U/ml are fre-
quently found.

We studied the pre-exposure 3+1 schedule under field conditions in different cities on the
State of S@o Paulo, Brazil, under variable and sometimes adverse circumstances, such as the use
of different batches of vaccine with different titers, delivered, stored and administered under lo-
cal conditions. Fifty out of 256 serum samples (19.5%) showed VNA titers lower than 0.5 U/

ml, but they were not distributed homogencously among the localities studied.
While in some cities the results were completely satisfactory, in others almost 40% did not

attain the minimum VNA titer required.

The results presented here, considered separately, question our currently used procedures
for human pre-exposure anti-rabies immunization. The reasons determining this situation are

discussed.
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INTRODUCTION

Since 1966, the WHO Expert Committec on Rabies
recommends that pre-exposure immunization should be
offered to persons at high risk of exposure, such as la-
boratory staff working with rabies virus, veterinarians,
animal handlers, wildlife officers and other individuals
who are living in or traveling to areas where rabies is
endemic’.

Since the determinations of the virus neutralizing
antibody (VNA) response has become routine practice,
the WHO expert committee on rabies considers, since
1978, that strict harmonization of immunization sched-

ules is of minimum significance, as long as a value of at
least 0.5 International Units per ml (IU/ml) is attained to
demonstrate seroconversion'?. After pre-exposure im-
munization, people at continuous risk of exposure
should have a serum sample tested periodically (every 6
or 12 months) and a booster administered when the titer
falls below that level'.

The currently used rabies vaccine in Brazil, recom-
mended by local official health authorities, is the suck-
ling mouse brain vaccine, developed by FUENZALIDA
& PALACIOS’, and the pre-exposurc immunization
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schedule is the one called 3+1 (three doses on alternate
days and an additional one 30 days later)'’,

Satisfactory results were obtained in well con-
trolled experimental groups using this immunization
regimen or very similar variants**. In our routine, how-
ever, VNA levels lower than 0.5 [U/ml are frequently
found.

Since the purpose of this study was to evaluate the
pre-exposure 3+1 schedule under field conditions, we
studied the levels of neutralizing response of people
submitted to this immunization schedule in different cit-
ies in the State of Sdo Paulo, under variable and some-
times adverse circumstances such as the use of different
batches of vaccine with different titers (although always
with a titer of at least 0.6 1U/dose), delivered, stored and
administered under local conditions.

MATERIALS AND METHODS

Subjects and vaccine

A total of 256 subjects (180 males and 76 females)
whose professional activities justified pre-exposure
treatment received the 3+1 schedule from May to De-
cember, 1993. They were vaccinated with the suckling
mouse brain vaccine, prepared with CVS strain [potency
value of at least 0.6 1U/dose as measured by the NIH
test''], provided by the Instituto de Tecnologia do
Parand, TECPAR.

Serum samples and VNA determination

Serum samples were collected 20 to 30 days after
the last rabies vaccine injection and submitted to the
Instituto Pasteur, Sdo Paulo, as a routine procedure for
VNA determination.

Virus neutralizing antibodies against the PV
strain were tested by the simplified fluorescence inhi-
bition microtest as described elsewhere®. VNA is ex-
pressed as IU/ml using as reference an equine hyper-
immune serum adjusted to a concentration of 200 U/
ml. In our routine, the reference serum included in
cach test was diluted in two series of twofold dilu-
tions beginning with 1/2000 and 1/3000 and human
sera were distributed among series of four wells of
threefold dilutions beginning with 1/5. A pool of the
25 sera received from Itu was also included in a two-
fold dilution series.

RESULTS

Table 1 presents the number and percentages of the
serum samples correlated with the detected VNA titers.
Fifty out of the 256 serum samples (19.5%) showed
VNA titers lower than 0.5 IU/ml whereas 185 (72.3%)
presented results higher than 1.0 TU/ml.
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TABLE 1
Correlation between the number and percentages of serum
samples and the ranges of VNA titers.

Range of VNA titers in
International Units/ml

<05 205<1.0 =10 Total

Number of sera (%) 50(19.5) 21(8.2) 185(72.3) 256

Table 2 shows the number of failures (titers below
0.5 1U/ml) among the total number of samples tested
correlated with cities sending serum samples to Instituto
Pasteur, S@o Paulo, for testing. As it can be observed,
229 serum samples came from 11 different cities that
sent 5 or more samples each. Among them, Avaré,
Espirito Santo do Pinhal, Iguape, Itu and Jaboticabal to-
taled 124 serum samples, with 113 (91.1%) results high-
er than 1.0 IU/ml and only two failures (1.6%). On the
other hand, the failures in the sera from the other 6 cit-
ies were 40 of 105 samples (38.1%).

TABLE 2
Correlation between the number of failures (titers lower than
0.5 TU/ml) and the total number of samples tested.

Number of sera

Localities VNA titers < 0.5 [U/ml Total
1. Andradina 0 1
2. Apiai 0 2
3. Aragatuba 6 35
4. Avaré | 11
5. Botucatu 1 2
6. Bauru 0 1
7.  Colina 5 5
8.  Espirito Sto. Pinhal 1 49
9. Guarulhos 3 11
10.  Tguape 0 17
11, 1lha Solteira 4 13
12.  ltapeva 0 1
13.  Itapira 1 1
14, Itd 0 25
15. Jaboticabal 0 22
16. Jardinépolis 0 1
17. Lorena 0 1
18. Marilia 1 1
19.  Mogi-Guagu 1 1
20. Monte Alto 0 1
21. Pindamonhangaba 1 2
22. Pirassununga 11 15
23. Presidente Prudente 0 2
24, Ribeirio Preto 1 3
25. Sio Jodo da Boa Vista 2 3
26. Sio José do Rio Preto 0 2
27. Sio Paulo 11 26
28. Rosana 0 1
29. Taiagu 0 1
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The best results were obtained in Itu with neutraliz-
ing titers of at least 1.68 1U/ml. The pool prepared with
the 25 samples from Itu presented a VNA titer of 8.0
1U/ml.

DISCUSSION

Two aspects are particularly interesting in the
present results:

I.  The incidence of unsatisfactory results obtained
with the pre-exposure schedule was too elevated in
our routine work conditions.

Considering that this kind of immunization sched-
ule is administered to subjects at continuous risk of ex-
posure to rabies, who must therefore be maintained with
high VNA titers in order to keep satisfactory levels of
immunity, acceptance of failure numbers as high as
20% is extremely dangerous.

2. There was no homogeneous distribution of low
VNA titer serum samples among the localities
studied. While in some of them the results were
completely satisfactory, in others, 40 in a total of
105 vaccines (38.1%) did not attain VNA titers of
0.5 TU/ml (Table 2).

Several reasons might have importantly influenced
the results presented here. The vaccine routinely used in
Brazil must contain at least 0.6 1U/dose, as measured by
the NIH test''. Frequently, however, some batches
present 2 or 3 IU/dose'. In addition, the NIH test is not
very reproducible, showing wide variation in tests per-
formed in duplicate'?,

Thus, it is difficult to establish the magnitude of
the differences in real potency levels among the differ-
ent vaccine batches delivered to the towns involved in
this study during an eight-month period.

Adverse conditions of transport, storage or admin-
istration of the vaccine [injections into the gluteus re-
gion, still widely used, are now known to be less immu-
nogenic than injections into the deltoid region®'?] may
also have influenced the results. Some conditions may
be even worse due to some local additional problems
such as difficulty for patients to go to the doctor. In such
cases, the vaccine doses are sometimes delivered to the
patient, who must carry out the treatment on his own re-
sponsibility.

In addition, it has already been shown that signifi-
cant differences in VNA titers can be obtained when
serum samples from mice immunized with one vaccinal
strain are submitted to serum neutralization against dif-
ferent ones, including those used in human vaccination
such as PV and CVS?,

Our results were obtained with the virus neutraliza-
tion test against the PV strain. Nevertheless, the vaccine

used in the state of Sdo Paulo in 1993, when this study
was performed, was produced with the CVS strain.

We obtained very good previous results employ-
ing only three doses of vaccine (days zero, 3 and 7).
On that occasion, however, besides the fact that we
worked with a highly controlled group, the vaccine
used was produced with the PV strain and the neu-
tralization tests were performed against the homolo-
gous strain®,

The presently results, considered separately, ques-
tion our currently used procedures for human pre-
exposure anti-rabies immunization.

However, 98% seroconversion rates (with more
than 90% of VNA titers higher than 1.0 IU/ml were ob-
tained in 124 samples from various towns; in the 25
samples from Itu, the seroconversion rate was 100%,
with individual VNA titers of at least 1.68 IU/ml and a
mean of 8.0 IU/ml.

These results suggest that more than problems with
the schedule, the vaccine or the serum neutralization
test, local adverse conditions probably determined the
clevated rate of failures, but the correct evaluation of the
real participation of all the factors discussed depends on
other studies, already underway.

However, caution is necessary when performing
post-exposure treatment of previously vaccinated per-
sons, since according to our official recommendations,
subjects already submitted to the 3+1 schedule are re-
garded as previously immunized and should receive
only a booster regimen.

RESUMO

Estudo sobre a imuniza¢io anti-rdbica humana no
Brazil. I - Avalia¢io do esquema de vacinagio
pré-exposi¢iio 3+1 em condigdes de campo.

O esquema de imunizagdo anti-ribica pré-
exposi¢do mais comumente utilizado no Brasil é o cha-
mado 3 + 1, com emprego de vacina produzida em teci-
do cerebral de camundongos recém-nascidos (3 doses
em dias alternados e uma dose no dia 30).

Embora tenham sido obtidos bons resultados em
grupos experimentais bem controlados com este esque-
ma de vacinagdo, no Laboratério de Sorologia do Insti-
tuto Pasteur, Sdo Paulo, sdo encontrados, com frequén-
cia, resultados inferiores a 0,5 Ul/ml de anticorpos
neutralizantes.

Estudamos o esquema pré-exposi¢io 3+1 em con-
di¢oes de campo, em diferentes cidades do Estado de
Sdo Paulo, em condi¢bes varidveis e talvez adversas,
tais como a utilizagdo de diferentes lotes de vacinas,
com diferentes titulos, entregues, estocadas e adminis-
tradas nas condig¢oes locais. Cinquenta das 256 amostras
de soro (19,5%) apresentaram titulos inferiores a 0,5 Ul/
ml, sem que houvesse, no entanto, uma distribui¢do ho-
mogénea entre as cidades estudadas.
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Enquanto em algumas cidades os resultados foram
amplamente satisfatérios, em outras quase 40% deles
deixaram de atingir o nivel minimo desejivel.

Os resultados aqui apresentados, se considerados
isoladamente, tornam questiondveis nossos procedimen-
tos atuais de vacinagdo anti-ribica humana pré-
exposi¢io. As razoes determinantes desta situacio sio
discutidas no trabalho.
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