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SUMMARY: Curtailing the observation of mice challenged with tetanus toxin in potency test of tetanus vaccine
would reduce the agony of mice from spastic paralysis. From the viewpoint of animal welfare, we investigated
the feasibility of this measure. The potencies of 85 lots of vaccine obtained on the 4th day after challenge were
compared with those obtained on the 7th day. No significant difference was found (P = 0.05), indicating that the
observation period could be curtailed from 7 days to 4 days without impairing the assessment of the vaccine’s
potency.
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INTRODUCTION

Tetanus vaccines are used in many countries, each employ-
ing their own domestic standard to ensure the efficacy of the
vaccine. The toxin challenge is the most convenient method
for estimation of tetanus vaccine potency. In this method, mice
immunized with the vaccine are challenged with tetanus toxin.
The mice that have produced sufficient amount of anti-
tetanus antibody by vaccination will not develop spastic
paralysis, whereas those that have not been endowed with
sufficient antibody will develop paralysis and die.

There is increasing controversy over the issue of animal
welfare, in light of which it seems desirable to avoid any
unnecessary agony of mice. Idealy, a tetanus vaccine potency
testing method that would not use experimental animals
will eventually be developed. At present, methods based on
immunological assay are being considered as a possible
alternative for the tetanus toxin challenge method (1-6). These
methods are not based on the tetanus toxin-neutralizing
ability but on its binding ability. In Japan, such alternative
methods have not yet been accepted for use in a routine
tetanus antibody measuring system.

Under these circumstances, curtailing the observation
period would be one of the possible options to reduce the
suffering period of mice. This report describes the results of
our investigations in this area, which demonstrated that the
observation period can be curtailed from 7 to 4 days without
affecting the potencies.

MATERIALS AND METHODS

Tetanus vaccines: Forty-six lots of adsorbed diphtheria,
tetanus, and acellular pertussis combined vaccine (DTaP), 14
lots of adsorbed diphtheria and tetanus combined toxoid
vaccine (DT), and 25 lots of adsorbed tetanus toxoid vaccine
(T) were used in this study.

Reference preparations: To measure the potency of DTaP,

a preparation of the Japanese reference tetanus vaccine (lot
2, 40 U/vial) was used. It was dissolved and diluted in sterile
distilled water.

To measure the potency of DT and T, the Japanese
standard tetanus toxoid preparation (Lot 3, 65 IU/vial) was
used. It was dissolved and diluted in sterile saline.

Potency test: The potency tests were performed accord-
ing to the method described in the Japanese Minimum
Requirements for Biological Products (7). Several vaccine
sample lots can be titrated simultaneously in one assay.
Successive twofold dilutions were used to immunize mice;
three doses for the reference preparations and two for
the sample lots. Appropriate dilutions were employed for
each sample lot and the reference preparation in order to
obtain adequate dose-responses. Mice (Slc:ddY, SPF, female,
body weight 22 - 24 g, 5 weeks old, 10 mice/group) were
immunized subcutaneously, in the lumbar region, with 0.5
ml of each dilution.

At 32 days after immunization, the mice were sub-
cutaneously challenged in the left lumbar region with 0.5 ml
of a tetanus toxin solution containing approximately 200
mouse LD50/ml. The time of death and the symptoms of the
challenged mice were observed daily over 7 days, and this
data was converted to scores according to the method of
Murata et al. (8), with some modifications (Table 1). In 1952,
the score method was established by Ipsen (9). The scores

Table 1.  The scores assigned to the time of death
and the symptoms of the challenged mice

Symptoms Score

Death on 1st day 0

Death on 2nd day 1

Death on 3rd day 2

Death on 4th -7th day 3

Severe tetanus1) 3

Mild tetanus2) 4

No tetanus3) 8

1): Difficulty of moving, tonic spasm or respiratory
distress.

2): Local spasm of the abdominal muscle in opposite
side to the site of injection, or mouse’s body
bends to the injected side.

3): No specific symptoms.
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of this method were prescribed so that mean scores of groups
of mice would have approximately linear regression when
plotted versus a log dose of toxoid. The potency of the tetanus
vaccine sample lot was calculated by statistical analysis of
scores by using the parallel line assay method (10,11). Patho-
logical examination, not described in the Japanese Minimum
Requirements (7), was not undertaken in this study.

For confirmation of the toxicity of the challenge toxin
solution used for the assay, four groups of unvaccinated mice
were challenged with 0.5 ml of 1:1 (undiluted), 1:50, 1:100,
and 1:200 dilutions of the challenge toxin solution (i.e., 100,
2, 1, and 0.5 LD50/mice, respectively). These mice, along with
the vaccinated groups, were observed daily for 7 days.

RESULTS

Comparison of scores of challenged mice on the 4th and
7th days: The potencies of 85 tetanus vaccine sample lots
were determined in 3,269 mice in 28 tests. A total of 1,175
mice (35.9 %) died by the 4th day after tetanus toxin
challenge. Among the mice surviving on the 4th day after the

toxin challenge, those having the same scores on the 4th and
the 7th days accounted for 94.1 % (1,971/2,094 mice). In
these mice, there was no statistically significant difference in
the score on the 4th and that on the 7th day (r = 0.919, n =
2094) (Figure 1).

Comparison of the potencies estimated from the 4th- and
7th-day scores: The regression of 4th and 7th day potencies
were y = 0.903x + 10.257 in the DTaP group (n = 46), y =
0.960x + 5.845 in the DT group (n = 14), and y = 0.871x +
12.980 in the T group (n = 25) (Figure 2). The correlation
coefficients were r = 0.964 in the DTaP group (n = 46), r =
0.975 in the DT group (n = 14), r = 0.983 in the T group (n =
25), and r = 0.973 in the whole group (n = 85). No significant
difference (P = 0.05) was observed between the 4th and
7th day among groups.

Confirmation of toxicity of the challenge toxin solution:
Based on the results of the observation of the groups for
confirmation of the toxicity of the challenge toxin solution,
the challenge toxin solution was confirmed to contain 68.0
LD50/mouse on the 4th day and 103.4 LD50/mouse on the 7th
day. The toxicity of the toxin solution satisfied the minimum
requirement.

DISCUSSION

To reduce the period of experimental animals’ suffering,
we examined the possibility of curtailing the conventional
observation period used in the tetanus toxin challenge method
from 7 to 4 days. Based on previous findings that the symp-
toms of challenged mice progress until the 6th day after the
tetanus toxin challenge (12), the Japanese official procedure
currently requires an observation period of 7 days, which is
notably longer than the 5 days required in the WHO method
(13). However, from the results described herein, symptoms
on the 4th and 7th days showed no significant difference when
converted to scores. The parallel line assay method (10,11) is
in current use to calculate vaccine potencies. The application
of this method to statistical analysis of assigned scores
requires satisfying the following three conditions: (i) similar
variances of average scores of mice immunized with each
dose of tetanus vaccine sample lots and that of the reference
preparation; (ii) linearity of dose-response curves of each
sample lot and the reference preparation; and (iii) parallelism
between the dose-response curves of each sample lot and the
reference preparation. In this study, all three conditions were
satisfied. There was no significant difference in the variances
of average scores of mice immunized with each tetanus
vaccine sample lot and those immunized with the reference

Fig. 1.  Comparison of scores of mice immunized with tetanus toxoid
vaccine at 4 and 7 days after toxin challenge. The square measure of
a closed circle (● ) indicates the number of mice with corresponding
scores (see inset; the largest circle in the figure corresponds to 1,341
mice). The values in or below each circle indicate the % ratio of the
number to the number of surviving mice at 4 days (2,094), rounded
off to the first decimal place. Correlation coefficient: 0.919 (n = 2094).

Fig. 2.  Correlation of the potencies obtained from the scores on the 4th and 7th days. DTaP, DT, and T, respectively show
adsorbed diphtheria, tetanus, and acellular pertussis combined vaccine, adsorbed diphtheria and tetanus combined toxoid
vaccine, and adsorbed tetanus toxoid vaccine. Correlation coefficient (r) for DTaP: 0.964 (n = 46). r for DT: 0.975 (n = 14).
r for T: 0.983 (n = 25). r for all the vaccines: 0.973 (n = 85).
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preparation. Based on the finding that the dose-response of
each sample lot and that of the reference preparation showed
no significant deviation from parallelism or linearity, it can
be assumed that the assay results with a 4-day observation
period are reliable. A comparison of the common variances
and regression coefficients of potencies on the 4th and
the 7th day indicated no statistically significant difference
between the results, suggesting that the results can be
considered interchangeable; the statistical parameters were
essentially the same on both days (Table 2). In addition, no
significant difference (P = 0.05) was observed between the
potencies on the 4th and the 7th day for any of the three types
of vaccine products (i.e., DTaP, DT, and T).

In this study, the vaccine potencies on the 3rd day were
not examined. The challenge toxin solution used in this study
was suitable for a 7-day observation period. The toxin solu-
tion did not have sufficiently high toxicity to show 50 -200
LD50/mouse on the 3rd day; the toxin solution did not satisfy
the Japanese minimum requirement. The potencies on the 3rd
day and the 7th day were not compared.

In conclusion, a reduction of the observation period in the
tetanus toxin challenge method from 7 to 4 days is acceptable
from the statistical point of view. This means that the results
obtained on the 4th day can be considered to be a reliable
indicator of a tetanus vaccine’s potency. If widely adopted,
this method will reduce animal suffering and provide
significant cost benefits and labor-saving. Thus, curtailing
the observation period from 7 to 4 days would be fully be
applicable to the toxin challenge method and adoptable in
the forthcoming version of the Minimum Requirements for
Biological Products of Japan.
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