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Antibody titers after rabies vaccination

Short duration of neutralizing
antibody titers after pre-exposure
rabies vaccination with suckling
mouse brain vaccine
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Abstract

The human anti-rabies pre-exposure treatment currently used in Bra-
zil, employing a 1-ml dose of suckling mouse brain vaccine (SMBV)
administered on days 0, 2, 4 and 28, was compared to an alternative
treatment with two 1 ml-doses on day 0, and one 1 ml-dose injected on
days 7 and 21. The latter induced higher virus-neutralizing antibody
(VNA) titers on day 21. Both Brazilian rabies vaccines produced with
PV or CVS rabies virus strains were tested. Two additional volunteer
vaccinee groups, receiving the pre-exposure and the abbreviated post-
exposure schedules recommended by the WHO using cell-culture
vaccine (CCV) produced with PM rabies virus strain, were included as
reference. The VNA were measured against both PV and CVS strains
on days 21, 42 and 180 by the cell-culture neutralization microtest.
The PV-SMBV elicited higher seroconversion rates and VNA by day
21 than the CVS-SMBV. Both, however, failed to induce a long-term
immunity, since VNA titers were <0.5 IU/ml on day 180, regardless of
the schedule used. Cell-culture vaccine always elicited very high VNA
on all days of collection. When serum samples from people receiving
mouse brain tissue were titrated against the PV and CVS strains, the
VNA obtained were similar, regardless of the vaccinal strain and the
virus used in the neutralization test. These results contrast with those
obtained with sera from people receiving PM-CCV, whose VNA were
significantly higher when tested against the CVS strain.
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The WHO Expert Committee on Rabies
states that the utilization of brain tissue vac-
cines must be discouraged, and adds that
countries where this kind of vaccine is still
being used must standardize their immuniza-
tion regimens under their own conditions
(1). Since cell-culture vaccine (CCV) for
human treatment is not available in the Bra-
zilian Public Health Services, we have stud-

ied different immunization schedules em-
ploying brain tissue vaccines (2,3). In a field
study carried out in 29 different localities in
the State of São Paulo, we found that the pre-
exposure anti-rabies immunization regimen
currently used in Brazil (a 1-ml im dose of
suckling mouse brain vaccine (SMBV) on
days 0, 2, 4 and 28) showed an elevated rate
of unsatisfactory results, i.e., virus-neutral-
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izing antibody (VNA) titers <0.5 IU (4).
These results contrasted with others obtained
in well-controlled trials using the same regi-
men (5,6). Several reasons, such as improper
transportation, storage or administration of
the vaccine (e.g., injections into the gluteus
instead of the deltoid muscle), variable NIH
potency among vaccine batches, and other
local problems, were proposed as possible
causes of unsatisfactory antibody titers. In
addition, the human rabies vaccines pro-
duced in Brazil are prepared by two different
laboratories, which propagate the virus us-
ing the nervous system of suckling mice (7)
and use the PV or CVS strains. These vac-
cines are released with an NIH potency ≥1.0.
In the State of São Paulo, the vaccine avail-
able is the one produced with the CVS strain.
Since the virus neutralization antibody test
has been performed with the PV strain, a
lack of complete cross-neutralization could
be an additional factor contributing to the
relatively low antibody levels obtained.

In the present study, the pre-exposure 0-
2-4-28 schedule was compared to the 00-7-
21 schedule, using SMBVs produced with
either the PV or CVS strain. The 00-7-21
schedule is currently recommended by the
WHO for post-exposure treatment with CCV.
The elicited VNA were titrated against the
two vaccinal virus strains used in Brazil.
Moreover, two groups receiving pre- or post-
exposure regimens with the Pittman-Moore
rabies vaccine cultivated in VERO cells were
included as reference.

A total of 106 veterinary students who
had never received rabies vaccine, ranging
in age from 17 to 22 years, gave informed
consent to participate voluntarily in the study.
Six groups of students alphabetically orga-
nized to attend dissection practices were
assigned to receive rabies vaccine according
to one of the following schedules. Group 0-
2-4-28 PV-SMBV: 18 subjects who received
the Fuenzalida and Palacios vaccine pro-
duced with the PV strain, administered on
days 0, 2, 4 and 28; group 00-7-21 PV-

SMBV: 19 subjects who received the
Fuenzalida and Palacios vaccine produced
with the PV strain, administered on days 0
(two doses), 7 and 21; group 0-2-4-28 CVS-
SMBV: 23 subjects who received the
Fuenzalida and Palacios vaccine produced
with the CVS strain, administered on days 0,
2, 4 and 28; group 00-7-21 CVS-SMBV: 26
subjects who received the Fuenzalida and
Palacios vaccine produced with the CVS
strain, administered on days 0 (two doses), 7
and 21; group 00-7-21 PM-CCV: 10 sub-
jects who received a post-exposure schedule
with the VERO cell-culture vaccine pro-
duced with the PM strain, administered on
days 0 (two doses), 7 and 21; group 0-7-28
PM-CCV: 10 subjects who received a pre-
exposure schedule with the same VERO cell-
culture vaccine produced with the PM strain,
on days 0, 7 and 28. All doses were of 1.0 ml
and were injected into the deltoid region.
Both Fuenzalida and Palacios vaccines cur-
rently produced in Brazil for human treat-
ment were tested: PV-SMBV, a 2% UV-
inactivated suspension of suckling mouse
brain infected with the PV strain, was pro-
vided by Instituto Butantan, São Paulo (lot
No. 9403029, NIH potency value = 1.5 IU/
dose) and CVS-SMBV, a 2% betapropiolac-
tone-inactivated suspension of suckling
mouse brain infected with the CVS strain,
was provided by Instituto de Tecnologia do
Paraná, Curitiba, PR (lot 049-93, NIH po-
tency value = 1.4 IU/dose). The cell-culture
vaccine used as reference, PM-CCV, was
prepared with the PM strain in VERO cells,
and was provided by Pasteur-Mérieux Sérums
and Vaccins, Lyon, France (lot No. J1213,
NIH potency value ≥2.5 IU/dose).

Serum samples were collected on days 0,
21, 42 and 180 after the first rabies vaccine
injection. Virus-neutralizing antibodies
against both the PV and CVS strains were
submitted to the simplified fluorescence in-
hibition microtest as previously described
(2). VNA is expressed as IU/ml, using as
reference an equine hyperimmune serum
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adjusted to a concentration of 2.0 IU/ml. The
seropositivity of each group was estimated
as the percentage of patients who developed
VNA higher than 0.5 IU/ml. Unfortunately,
14 of 18 volunteers in group 0-2-4-28 PV-
SMBV had to be excluded from the study
before day 180. The reason was that during a
class, before study day 180, those 14 sub-
jects were exposed to an animal suspect of
rabies, and were immediately treated with
PM-CCV, invalidating serology results there-
after. The data regarding the differences
among the VNA values for the 6 groups of
volunteers were analyzed for statistical sig-
nificance by analysis of variance (ANOVA)
for repeated measures. The differences in
seroconversion rates were analyzed by the
chi-square test.

The results obtained with SMBVs are
summarized in Table 1, which shows the
percentage of seroconversion, the geometric
mean titers (GMT), standard deviation (SD)
and range of VNA against the CVS and PV
strains. The results correspond to titers on
days 21, 42 and 180. On day 0, all serum
samples showed titers <0.16 IU/ml (data not
shown). There were no significant differ-
ences on any collection day between VNA
obtained against either PV or CVS strain,
regardless of the vaccine schedule. Unfortu-
nately, the difference between VNAs ob-
tained for the CVS and PV strains could not
be compared on day 180, since it was only
possible to evaluate 4 serum samples on that
day.

The seroconversion rates were similar in
all groups and on all collection days, except
for the 0-2-4-28 CVS-SMBV group, which
showed significantly lower rates on day 21
(P<0.01). The PV-SMBV schedules elicited
higher VNA than the CVS-SMBV ones, re-
gardless of the immunization schedule. The
results obtained on days 21 and 42 showed
that the suckling mouse brain vaccine pro-
duced with the PV strain performed better
(P<0.01) than the one produced with the
CVS strain, although both had a very similar

NIH potency titer. Actually, their relative
potencies may not have been equivalent,
since the NIH test has been shown to have
very low reproducibility (8,9).

The 00-7-21 schedules induced higher
VNA titers than the 0-2-4-28 schedules by
day 21, while the VNA induced by the latter
schedules had a significant increase on day
42. The 00-7-21 schedule was able to elicit
satisfactory VNA on day 21 in all but one
vaccinee. Thus, we speculate whether this
regimen could be used as a post-exposure
prophylaxis, when the induction of an early
antibody response is the goal. A reduction of
the current post-exposure schedule used in
Brazil, which consists of 13 doses associated
with hyperimmune serum, or 10 doses when
serum is not administered, would be of inter-
est for several reasons. About 800,000 vac-
cine doses are administered each year, and
the brain tissue vaccines may cause adverse
neurological effects, mainly after adminis-
tration of a large number of doses (10).
Furthermore, the prolonged treatment is fre-
quently abandoned, and, according to the
Brazilian Health Ministry, an alarming 16%
of the post-exposure treatments are not con-
cluded.

Pre-exposure regimens are intended to
induce long-term immunity in persons who
work under risk of contracting rabies. In this
regard, both the 00-7-21 and the 0-2-4-28
schedules produced unsatisfactory results.
Fifty-six percent or less of the vaccinees had
VNA <0.5 IU/ml on day 180. These results
are similar to those routinely observed at the
Instituto Pasteur of São Paulo (Zanetti CR,
unpublished data).

Both groups receiving cell-culture vac-
cine (Table 1) showed 100% seroconversion
rates on all collection days against both virus
strains used in the neutralization test, except
on day 0 when all serum samples showed
titers <0.16 IU/ml (data not shown). The
titers obtained with the reduced post-expo-
sure regimen (00-7-21) were significantly
higher than those obtained with the pre-
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Table 1 - Seroconversion (seroc.) rates and antibody response to the PV and CVS rabies virus strains as a
function of different vaccination schedules employing suckling mouse brain vaccines produced with PV and
CVS rabies strains, and cell-culture vaccine produced with PM rabies strain.

aResults obtained when the PV strain was used in the neutralization test; bresults obtained when the CVS
strain was used in the neutralization test; csuckling mouse brain vaccine prepared with the PV rabies virus
strain; d1-ml dose of SMBV administered im on days 0, 2, 4 and 28; etwo 1-ml doses of SMBV administered im
on day 0 and 1-ml dose administered on days 7 and 21; fsuckling mouse brain vaccine prepared with the CVS
rabies virus strain; gcell-culture vaccine prepared with the PM rabies virus strain; h1-ml dose of CCV
administered im on days 0, 7 and 28. GMT = Geometric mean titer.

Vaccine Schedule Parameter Day after 1st dose

21 42 180

PVa CVSb PV CVS PV CVS

PV-SMBVc 0-2-4-28d N 18 18 17 17 4 4
% seroc. 94.5 94.5 100 100 0 75
GMT 2.47 1.63 6.56 6.43 0.22 0.32
SD 4.25 3.93 4.27 4.22 0.08 0.12
Minimum 0.47 0.32 2.67 2.25 0.17 0.25
Maximum 17.93 17.93 15.08 15.08 0.34 0.50

PV-SMBV 00-7-21e N 19 19 18 19 17 18
% seroc. 100 100 100 100 40 40
GMT 2.82 2.89 2.12 2.69 0.43 0.43
SD 2.61 3.24 2.18 2.75 0.36 0.25
Minimum 0.67 0.84 0.50 0.71 0.17 0.17
Maximum 10.67 12.68 6.73 10.67 1.00 1.00

CVS-SMBVf 0-2-4-28 N 23 23 21 21 16 16
% seroc. 21.7 30.5 100 95.2 56.3 50
GMT 0.90 0.79 2.89 2.97 0.43 0.48
SD 0.76 0.80 2.29 1.94 2.41 2.40
Minimum 0.17 0.17 0.23 0.20 0.17 0.17
Maximum 2.67 2.67 8.97 6.34 10.00 10.00

CVS-SMBV 00-7-21 N 26 25 25 25 22 21
% seroc. 100 96 100 100 31.8 45.5
GMT 2.19 1.88 2.15 2.27 0.42 0.49
SD 4.96 3.10 1.30 1.61 0.52 0.50
Minimum 0.59 0.47 0.67 0.71 0.17 0.17
Maximum 25.36 15.08 5.33 5.66 2.00 2.00

PM-CCVg 00-7-21e N 10 10 10 10 9 9
% seroc. 100 100 100 100 100 100
GMT 29.21 43.31 25.39 35.96 6.28 8.94
SD 26.00 33.16 20.03 23.17 12.38 14.45
Minimum 16.67 25.00 16.67 25.00 2.00 4.00
Maximum 100.00 133.33 83.00 100.00 32.00 43.50

PM-CCV 0-7-28h N 10 10 10 10 10 10
% seroc. 100 100 100 100 100 100
GMT 10.63 15.57 14.43 17.06 5.17 8.44
SD 7.64 10.33 10.17 10.63 12.17 18.21
Minimum 4.17 6.25 4.17 6.25 1.00 2.00
Maximum 25.00 33.33 33.33 33.33 42.50 64.00
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exposure treatment (0-7-28) on day 21
(P<0.01), but not on subsequent days. Nev-
ertheless, when CCV was used, the titers
obtained with CVS were significantly higher
than those obtained with the PV strain
(P<0.01), except for 0-7-28 PM-CCV which,
on day 21, showed similar VNA against both
strains. These results agree with those ob-
served by other authors (11) who have re-
ported that, despite a common origin, the PV
and PM strains are different when studied by
neutralizing monoclonal antibody analysis.
Molecular studies have also shown that CVS
is much closer to PM than to PV (12).

The studies cited here indicate that, al-
though the pre-exposure anti-rabies treat-
ment currently used in Brazil elicits high
seroconversion rates on day 21, the response
is short lasting. People receiving this kind of
treatment should have a serum sample tested
three months after treatment, a booster dose
being administered when titers fall below
0.5 IU/ml. Further studies will be needed to
test the validity of this approach.

With respect to cell-culture vaccines, our
results clearly confirm those reported by
other investigators, who have shown very
high VNA responses (13-15). Both the ab-
breviated post-exposure 00-7-21 schedule
and the pre-exposure regimen induced an
early and high antibody response. Whatever
the schedule used and the collection day
studied, the VNA obtained with cell-culture
vaccine were always much higher than those
obtained with suckling mouse brain vaccine.

The superior performance of rabies vac-
cines produced in cell culture emphasizes the

need to use them instead of those produced in
animal brain. It is evident that efforts should
be made by health authorities worldwide to
produce or purchase rabies cell-culture vac-
cines. Brain tissue rabies vaccines are still
frequently used (16), and in Brazil alone al-
most 200,000 vaccinees receive suckling
mouse brain vaccine each year, demanding
approximately 800,000 annual doses, a pro-
duction fully funded by the Government. In
this scenario, the complete replacement of
currently used vaccines by cell-culture vac-
cine would be very costly. An important goal
to be reached is a reduction in indications for
human treatment, achievable only through an
improvement of the National Program of Ra-
bies Prophylaxis, concerning mainly the cap-
ture of stray dogs and observation and confir-
mation of rabies diagnosis in aggressor ani-
mals. When these measures are rigorously
implemented, a drastic reduction in the num-
ber of rabies vaccinees should be expected
and the replacement of the Fuenzalida and
Palacios vaccine by a more potent and safe,
although more expensive, cell-culture vac-
cine may be envisaged.
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