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OF RABIES SUCKLING MOUSE BRAIN
VACCINE STORED AT DIFFERENT
TEMPERATURES!

— Ana Maria O. Diaz,? Graciela N. Perdomo,? and Oscar Becco?

INTRODUCTION

Rabies in man and animals
continues to be a serious problem for pub-
lic health and the livestock economy in
most countties of Latin America and the
Caribbean (7). Between 1980 and 1985
this area had a total of 1,744 registered ra-
bies cases in humans, 83,858 in dogs,
6,876 in cats, and 28,800 in cattle—
although a considerable share of the bo-
vine cases are usually not reported (2).

According to data submitted
by the countries of Latin America and
the Caribbean to the Pan American
Zoonoses Center in Buenos Aires, At-
gentina, during 1985 these countries
prepared more than 5.2 million doses of
suckling mouse brain (SMB) vaccine at
19 official production laboratories for the
immunization of three million people,
this being about the number requiring
rabies treatment annually. In addition,
in that same year official and private lab-
oratories produced around 25 million
doses of antirabies vaccine for vetetinary
use, 87 % of which were SMB vaccine (3).

! This article was published in Spanish in the Boletin de
la Oficina Sanitaria Panamericana, vol. 104, no. 3,
1988, pp. 261-271.

2 Pan American Health Organization, Pan American
Zoonoses Center, Casilla 3092, 1000 Buenos Aires,
Argentina.

Because mass vaccination of
dogs and timely treatment of exposed
people constitute the most effective ra-
bies control measures (4, 5), it is essential
to have vaccines that are potent, safe, sta-
ble, and economical. The SMB rabies
vaccine for human and animal use is in-
expensive to produce and is known to
have good antigenic potency (6, 7).
However, the literature does not men-
tion any systematic studies on its stabil-
ity. We therefore conducted the study re-
ported here, which was directed at
determining the SMB vaccine’s ability to
retain its immunizing power at different
temperatures and for different periods of
time.

MATERIALS AND
METHODS

Liquid SMB Vaccines

Six lots of SMB vaccine for hu-
man use (SMB-H) and six for canine use
(SMB-C) were prepared at our laboratory
according to the technique described by
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Fuenzalida (7). The antigenic values of
these lots wete determined by the po-
tency test of the United States National
Institutes of Health (NIH test) (8) and
were found to be within the most com-
monly observed ranges. In addition, one
lot of SMB vaccine for bovine use
(SMB-B) was prepared according to the
technique described by Diaz and Lom-
bardo (9).

Lyophilized SMB Vaccines

Twelve additional lots of SMB
test vaccine were prepared—six for hu-
man and six for canine use. Half of these
were lyophilized in a Virtis apparatus
(made by the Virtis Co., Inc., Gardiner,
NY, USA) so as to have residual moisture
levels between 2% and 3%. The lyophi-
lization cycle was as follows: Flasks, 50
per lot and each with 2 ml of product,
were placed on shelves in the lyophiliza-
tion chamber until they reached - 50°C,
after which they were dried in a vacuum
atmosphere (at a pressure of five microns
of mercutry) for 72 hours and sealed un-
der vacuum. The final temperature of
the product was 18°C.

The other six lots were pre-
pared so that their residual moisture lev-
els were between 5% and 7%. The ly-
ophilization stabilizer used in both cases
was 7.5% sucrose and 0.5% gelatin.

In addition, we prepared a lot
of lyophilized SMB-B vaccine with a2 2%
residual moisture level that was reconsti-
tuted with a diluent containing 2% alu-
minum hydroxide (9, 10).

The residual moisture levels
of the various lots were determined by
the Karl Fisher method (71).

Stability Tests

Samples of each vaccine lot
were stored at three different tempera-
tures: 4°C, 25°C, and 37°C; and the an-
tigenic potency of each was determined
periodically using the NIH test (8). For
purposes of this test, CE-1 mice weighing
10 to 14 g were employed; the reference
vaccine used was CPZ-10, which had a
requited minimum potency coefficient
of 0.2. All of the vaccines wete tested asa
group at each of the scheduled times.

A regression analysis for all
the vaccine lots prepared was performed
using the least squares method (12).

RESULTS
Liquid SMB Vaccines

The initial antigenic values of
the liquid SMB-H vaccine lots were
as follows: lot 1 = 0.8; lot 2 = 0.95,
lot 3 = 0.9, lot4 = 0.7, lot 5 = 0.8,
and lot 6 = 0.8. For the SMB-C vaccine
lots the values were: lot 1 = 5.0, lot 2 =
4.6,lot3 = 6.7,lot4 = 1.5, lot5 =
1.5,and lot 6 = 1.5. Finally, the value of
the one lot of SMB-B vaccine was 5.3.

Table 1 shows the stability of
the different types of liquid SMB vaccine
when stored at different temperatures.
The six lots of SMB-H vaccine, which
had an average initial antigenic value of
0.8, all maintained an antigenic value
exceeding 0.2 for 15 months when stored
at 4°C, their final average antigenic
value being 0.5. All six also kept above
the minimum value of 0.2 for 30 days
when stored at 25°C, the final average
antigenic value at 30 days being 0.4; and
four of the six lots remained above the



TABLE 1. The numbers of lots of different kinds of liquid SMB antirabies vaccine meeting minimum acceptable potency
requirements after storage for different lengths of time at different temperatures. The numbers of lots tested were six of
SMB-H, six of SMB-C, and one of SMB-B.

Liquid SMB vaccine [ots of different types stored
at the temperatures shown

Storage For humans For canine For bovine
ﬁmf (SMB-H) animals (SMB-C) animals (SMB-B)
(months) 4°C 25°C 37°C 4°C 25°C 37°C 4°C 25°C 37°C
1 6 6 4 6 6 1 1 1 1
3 8 0 0 6 1 0 1 1 1
6 6 0 0 6 0 0 1 1 0
12 6 0 0 6 0 0 1 1 0
15 6 0 0 6 0 0 1 1 0

FIGURE 1. Observed changes in the potency of the six lots of liquid SMB antirabies vaccine for humans
during the fifteen-month storage period. Linear regression: y = 0.919-0.032x.
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minimum value for 30 days when stored
at 37°C, the final average antigenic value
of these four at 30 days being 0.3.

The six lots of SMB-C vaccine,
which had an average initial antigenic
value of 4.5, also stayed above the 0.2
minimum value when stored for 15
months at 4°C, their final average anti-
genic value being 1.5. Likewise, all six
lots maintained antigenic values above
the minimum after 30 days of storage at
25°C: and one lot did so after three
months of storage at 37°C—its initial
antigenic value being 3.5 and its final
value after three months being 0.4.

Figure 1 shows how the po-
tency of the six lots of SMB-H vaccine de-
clined during the study period. The lin-
ear regression calculated by the least
squares method had a slope of -0.032,
indicating an estimated average potency
loss of 41.7% after 12 months of storage
at 4°C and of 52.3% after 15 months of
storage at this temperature.

Figure 2 provides a similar di-
agram for the six lots of SMB-C vaccine.
In this case the linear regression was
found to have a slope of -0.201, indi-
cating an estimated average potency loss
of 47.7% at 12 months of storage and of
59.6% at the end of 15 months.

In three of the 12 lots of lig-
uid vaccine studied (lots 5 and 6 of SMB-
H and lot 2 of SMB-C) the vaccine’s po-
tency appeared to decline relatively
slowly—the average decline relative to
initial values being only 21% at both 12
and 15 months of storage at 4°C.

As Tables 1 and 2 show, the
single lot of liquid SMB-B maintained a
potency above the minimum level when
stored for 15 months at 4°C, its initial
and final antigenic values being 5.3 and
1.2. It also retained above-minimum po-
tency for 15 months at 25°C (the final
antigenic value being 0.3), and for three
months at 37°C (the final antigenic
value being 1.6).

Lyophilized SMB Vaccines

The initial antigenic values of
the six lyophilized lots of SMB-H/SMB-
C vaccine with residual moisture levels of
2-3% were as shown:

Initial antigenic values of six
lots of tyophilized SMB vaccines

Lot For humans For canine animals
No. (SMB-H) (SMB-C)

1 1.5 29

2 2.3 38

3 1.4 1.0

In contrast, the initial anti-
genic values of the lyophilized lots of
SMB-H/SMB-C vaccine with residual
moisture values of 5-7% were much
lower:

Initial antigenic

Lot No. value

DD BN -
o
~

The initial antigenic value of
the lyophilized SMB-B vaccine lot was
8.9. This vaccine retained acceptable po-
tency when stored for 15 months at the
three test temperatures (see Table 2).



FIGURE 2. Observed changes in the potency of the six lots of liquid SMB antirabies vaccine for dogs during
the fifteen-month storage period. Linear regression: y = 5.053-0.201x.
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TABLE 2. Antigenic values of the SMB antirabies vaccine for bovine use (fiquid and lyophilized), by storage times and
temperatures.?

Antigenic values of SMB
vaccine for bovine use
Stt?r:‘?ge Liquid Lyophilized
(months) 4°C 25°C 37°C 4°C 25°C 37°C
1 4.1 2.1 2.7 14.0 57 6.1
3 3.0 4.6 1.6 55 7.8 10.0
6 6.8 0.9 0 11.0 88 58
12 0.6 0.4 0 5.3 6.2 3.2
15 1.2 0.3 0 6.6 52 3.6

3 Minimum potency requirement = 0.2.
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Table 3 indicates the stability
of the 12 lots of lyophilized SMB-H/
SMB-C vaccines, six with a residual mois-
ture level of 2-3% and six with a residual
level of 5-7%. The data show that all the
vaccine lots with a residual moisture level
of 2-3% maintained an acceptable po-
tency for storage periods ranging up to
24 months at all three storage tempera-
tutes (4°C, 25°C, and 37°C). In con-
trast, the vaccine lots with 5-7% residual
moisture levels only retained acceptable
potency during the 24 month study pe-
riod when they were stored at 4°C. Both
the initial and subsequent antigenic val-
ues obtained for these lots were lower
than the values obtained for the lots with
lower moisture levels.

DISCUSSION AND
CONCLUSIONS

The results of this study show
that the SMB vaccine—in its human, ca-
nine, and bovine formulations—retains
its immunizing power for prolonged pe-
tiods of time.

In general, the rabies situa-
tion in developing countries of the
Americas and elsewhere makes it neces-
sary to have rabies vaccines that are safe,
effective, economical, and stable (13).
What makes this particularly important
is the fact that some 94.2% of all rabies
treatments are administered in tropical
regions (14).

SMB rabies vaccine is one of
the more widely used types because it in-
duces a rapid immunologic response and
confers protection against rabies virus in-
fection in both man and animals (10,
15-19).

Nicholas et al. (20) studied
the stability of two batches of liquid dip-
loid-cell rabies vaccine for human use at
4°C. They observed that the initial anti-
genic values (as indicated by the NIH
test) of 13.2 and 18.5 fell t0 2.9 and 7.2,
respectively, after 12 months. In this
same vein, Larghi et al. (21) studied the

TABLE 3. Test results ohtained with the 12 lots of lyophilized SMB-H/SMB-C vaccines, six with 2-3% residual moisture
and six with 5-7%, after storage for the indicated fimes at 4°C, 25°C, and 37°C. The table shows the number of lots with
at least the required minimum potency (0.2) and the average antigenic potency of those lots.

No. of lots with indicated residual moisture levels
having acceptable potency (average antigenic values in
parentheses) after storage at temperatures shown

Stt?;?ge 2-3% moisture level (6 lots) 5-7% moisture level (6 lots)
(months}) 4°C 25°C 37°C 4°C 25°C 37°C
1 6(3.2) 6(2.2) 6(1.8) 6 (0.5) 0(<0.2) 0(<0.2)
3 6(3.2) 6 (2.2) 6 (0.6) 6 (0.8) 0 0
6 6 (2.9) 6 (2.9) 6 (1.5) 6(1.1) 0 0
12 6(2.7) 6 (3.5) 6(1.1) 6 (1.6) 0 0
24 6(3.9) 6 (1.6) 6 (2.0 6 (0.6) 0 0




stability of a test lot of rabies vaccine for
veterinary use produced in BHK-21 cells.
They found that the antigenic value fell
from 3.9 to 2.3 after 12 months of stor-
age at 4°C. The observed reduction in
antigenic potency of the 12 lots of liquid
SMB-H and SMB-C vaccines stored at
4°C and tested in the present study was
similar to that observed in the cell-cul-
ture vaccines cited.

These data indicate that the
potency of inactive liquid rabies vaccines
tends to diminish over the course of their
useful life. Nevertheless, P. Précausta
(22), in studying the stability of two
batches of vaccine prepared in NIL-2 cells
and stored for 12 months at 4°C, did not
observe any marked change in their anti-
genic potency, suggesting that this type
of vaccine may be more stable. It should
be noted, however, that estimates of ra-
bies vaccine potency based on the NIH
test are subject to considerable variation
(23, 24), and so it is not wise to general-
ize about the stability of a particular type
of vaccine on the basis of studies involv-
ing only a small number of lots. The ap-
parent differences in the performance of
three of the 12 lots tested in the study re-
ported here could be due to variations of
this kind.

Verification that the liquid
SMB vaccines for human and animal use
keep their antigenic capacity when stored
for 15 months at the recommended tem-
perature (4°C) is important, because in
Latin America and the Caribbean there is
no uniform standard by which to deter-
mine the expiry period, which ranges
from 6 to 12 months in all countries ex-
cept Colombia, where it is 24 months.
The results of this study suggest that a
one-year expiry period should be appro-
priate, since after 12 months at 4°C the
antigenic values of the SMB-H vaccines
tested were observed to fall by 16% to
65.5%, and after 15 months by 18%
to 82%. Regarding the SMB-C vaccine

lots, their observed potency fell by 21%
to 70% after 12 months and by 24% to
87% after 15 months. It has been dem-
onstrated elsewhere that SMB-C vaccine
with an antigenic value of 0.3 protected
100% of a group of dogs challenged one
year after vaccination and 80% of a
group challenged three years after vacci-
nation (17). Adopting a twelve-month
expiry period would avoid the need to
discard vaccine lots of verified quality
simply because they had exceeded the
limits of a briefer expiry period.

In its thirty-first report, the
WHO Expert Committee on Biological
Standardization recommended that the
expiry dates of rabies vaccines be based
on the last satisfactory test of activity
(25). However, because of the gradual
fall in the potency of liquid rabies vac-
cines over time, it would seem appropri-
ate that the expiry date of SMB vaccine
be set at the moment of its production.
This is the same criterion stipulated by
the United States Code of Federal Regu-
lations (CFR) for the expiry periods of bi-
ologicals licensed in that country (26).

If rabies vaccines are lyophi-
lized, their validity period can be ex-
tended from 18 to 24 months (25). The
stability of such lyophilized vaccines is
evaluated mainly by tests of their
antigenic potency and residual moisture

(27).

In the study reported here,
the observed stability of the lyophilized
SMB vaccine lots with a 2-3% residual
moisture level was comparable to that
observed by Roumiantzett et al. (28),
who studied 127 lots of lyophilized vac-
cines prepared in human diploid cells,
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and more recently by Fournier et al. (29),
who demonstrated that six lots of puri-
fied vaccine obtained from a VERO cell
line maintained their potency for 24
months at 4°C and for more than six
months at 37°C.

Regarding the lyophilized
SMB-C and SMB-B vaccines, our results
indicate that these were as stable as vac-
cines prepared by other workers in NII-2
cells (22) and BHK-21 cells (30, 31).

The WHO Expert Committee
on Biological Standardization has recom-
mended that lyophilized rabies vaccines
contain no more than 1% residual mois-
ture (25), and the CFR cites the same
value except for a few biologicals such as
BCG vaccine and certain viral vaccines
(32). However, the nature of some lyoph-
ilized biologicals and the additives they
contain can intetfere with maintenance
of 1% residual moisture. Hence, each
producer should determine the most sat-
isfactory level of residual moisture that
will allow the product to retain its stabil-
ity throughout the expity period (27).
Thus, for example, in the case of the
SMB-H and SMB-C vaccines tested in
our study, the six lots with 2-3% residual
moisture kept their antigenic potency for
24 months when stored at 4°C, 25°C,
and 37°C.

It should be noted that Majer
etal. (33) studied the stability of five lots
of lyophilized rabies vaccine with 2.6-
3.3% residual moisture that had been
prepared in human diploid cells. All
these lots retained acceptable levels of
potency after incubation for four weeks
at 37°C, and one lot did so for 12
months at 4°C and 22°C and for six
months at 37°C. The four other lots were
not tested at six and 12 months.

In our study, the lyophilized
SMB-H and SMB-C vaccines with resid-
ual moisture levels over 5% kept their

antigenicity only when they were stored
at 4°C.

Regarding stabilizers, al-
though sucrose and gelatin have been
used as stabilizers for different types of
rabies vaccines (34, 35), studies have yet
to be done on the composition of the
most convenient innocuous stabilizer to
use in lyophilizing SMB vaccine for hu-
man use.

Finally, the good stability of
SMB vaccine should not lead users to for-
get its optimum preservation tempera-
ture (4°C-8°C) and thus run the risk
that the vaccine’s potency will decline
below acceptable levels during storage ot
during use under field conditions.
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SUMMARY

Considering that evety year
some 300 people die of rabies in Latin
America and the Caribbean, it is impor-
tant for the Region to have rabies vac-
cines that are potent, innocuous, stable,
and inexpensive. The type of rabies vac-
cine most widely used for both human
and animal purposes at present is suck-
ling mouse brain (SMB) vaccine.

To demonstrate the stability
of SMB vaccine at different tempera-
tures, test lots of liquid and lyophilized



SMB vaccine were prepated for human
and canine use. Samples were then
stored at 4°C, 25°C, and 37°C; and
their antigenic potency was checked peri-
odically by the NIH test.

The average antigenic po-
tency of six test lots of liquid SMB vac-
cine prepared for human use declined by
some 52.3%, from an initial average
level of 0.8, when stored at 4°C over 15
months. However, all the lots met the
minimum potency requirement estab-
lished by the NIH test at the end of 15
months at 4°C. All six also retained ac-
ceptable potency for 30 days when stored
at 25°C, and four did so for 30 days
when stored at 37°C. Similar patterns
were exhibited by lots of liquid vaccine
prepared for canine and bovine use.

Regarding the lyophilized
SMB vaccines prepared for human and
canine use, all of the test lots with a re-
sidual moisture level of 2-3% retained
an adequate potency for 24 months at all
three storage temperatures (4°C, 25°C,
and 37°C). In contrast, those with resid-
ual moisture levels of 5-7% only re-
tained an adequate potency if they were
stored at 4°C.

Overall, these results indicate
it is appropriate to establish a one-year
expiry period, starting from the date of
manufacture, for liquid SMB rabies vac-
cines stored at 4°C. For lyophilized SMB
rabies vaccines with appropriately low re-
sidual moisture levels (2-3%), it would
seem reasonable to extend the length of
the expity period from 18 to 24 months.
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The United States Senate passed a resolution
introduced by Sen. John Melcher, Chairman of
the Senate Special Committee on Aging, that
would permanently designate the last week of
October as “National Adult Immunization Aware-
ness Week.” The resolution has alse been intro-
duced into the House of Representatives, where
it is expected fo pass.

Sen. Melcher pointed out that tens of thousands
of adults, most of them elderly, die each year
from diseases that could have been prevented

by readily avaitable vaccines, and that the need

for adult immunization has been largely ne-
glected. Only one in eight adults in the U.S. is

protected against flu, pneumonia, hepatitis B,
measles, diphtheria, rubella, or tetanus. Fewer

than 10% of the elderly are immunized against

pneumococcal pneumonia, which is the sixth
leading cause of death in the United States. In-
fluenza, another kKiller, strikes hardest at the el-
derly and chronically ill. Each of the 16 major flu
epidemics in the past 30 years has claimed the
lives of at least 10,000 people, many of whom
could have been saved by immunization.

Source: Senate Special Committee on Aging, News Release,
June 8, 1988.
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