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SYNOPSIS

An analysis of results of assays obtained at the Laboratory
of Hygiene, Department of National Health and Welfare, Ottawa,
Canada, shows that the problem of assaying tetanus toxoids differs
with the two test-animals used, the mouse and the guinea-pig.
In the mouse, the slopes of dosage-response curves of plain and
adsorbed toxoids are clearly not similar, so that separate standards
are required for their assay. In the guinea-pig, the slopes of
immunization curves for these two types are similar, and one
standard should suffice. While a second international standard for
adsorbed preparations is not required, laboratories performing these
tests are advised to establish separate standards-one for plain
toxoid and one for adsorbed.

International standards for diphtheria toxoid, plain, and for tetanus
toxoid were established in 1951.6 Both preparations are relatively highly
purified toxoids. Preparations of this nature have, however, proved some-
what of a disadvantage in assay work so far as diphtheria toxoid is con-
cerned. It has been generally observed that the slopes of dosage-response
lines for fluid diphtheria toxoids tend to become flatter as the purity
increases; 6 adsorbed preparations generally have steeper slopes than crude
fluid preparations. Because of this the usefulness of the plain diphtheria
toxoid standard is somewhat limited as a working standard," and a further
standard for adsorbed preparations has been proposed.6 It has been
claimed, however, by the WHO Expert Committee on Biological Stand-
ardization, that the slopes of dosage-response lines for plain and adsorbed
preparations of tetanus toxoids are closely similar, and thus a single
standard was considered satisfactory.6 The latter opinion requires some
qualification in the light of certain results obtained in the Laboratory
of Hygiene and recorded here.

The work of this laboratory on diphtheria toxoid has been previously
reviewed.a Whereas in the assay of diphtheria toxoid only guinea-pigs

a See page 829 in this number of the Bulletin.
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are used, both guinea-pigs and mice are used for the assay of tetanus
toxoid. Both species have been used at the Laboratory of Hygiene for
approximately 14 years. In this report, results covering the two-year
period, 1950-2, are reviewed. These results are representative of the
tetanus-toxoid assay in general and, in addition, pertain to the more
recent types of prophylactics now available on the market. The method
of assay used has been described elsewhere.3' 4

TABLE 1. PARALLELISM OF IMMUNIZATION CURVES IN BIOLOGICAL ASSAYS
OF TETANUS TOXOID USING MICE AND GUINEA-PIGS AS TEST-ANIMALS

* For assay purposes, the immunization curves are considered parallel If their X' value for
parallelrsm is less than 3.8.1,'

During the period under review, 276 assays were carried out. In 261
of these a fluid standard was used, and in 15 an adsorbed preparation.
Table I presents a summary of these assays showing the types of toxoid
tested (fluid or adsorbed), the test-animals employed (mice or guinea-pigs),
and the acceptability of the tests as judged by parallelism of dosage-
response curves.", 5

Of the 261 assays where a fluid standard was used, 185 were for potency
determination of fluid preparations. One hundred and thirty-one were
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carried out with mice and 54 with guinea-pigs. Ten (7.6%) and 5 (9%)
of the mouse and guinea-pig tests, respectively, were non-valid as judged
by X 2 tests for parallelism of dosage-response curves. There were 76 assays
of adsorbed preparations-44 with mice and 32 with guinea-pigs. Of
these, 24 (54%) and 6 (18%) were non-valid due to non-parallel immuni-
zation curves. In a series of 15 assays with mice in which adsorbed prepara-
tions were assayed against an alum-precipitated standard, 2 (13%) were
found unsatisfactory. While the number in the latter group is small, the
proportion of non-valid assays is of the same order as that obtained when
fluid preparations are assayed against a fluid standard.

These results show that almost 10% of the assays of fluid preparations
were unsatisfactory owing to differences in slopes of dosage-response
curves; 7.6% of the mouse tests, and 9% of the guinea-pig tests, had
dosage-response curves with X 2 values higher than the acceptable limit.1' 5
The proportion of unsatisfactory assays was somewhat higher when
adsorbed preparations were assayed against a fluid standard, 54% of the
mouse tests and 18% of the guinea-pig tests being unsatisfactory. Statistic-
ally, by applying the X 2 test at the level of P =.05 2 the number of invalid
mouse assays in the latter group was significantly higher than that obtained
in mouse tests both when fluid toxoids were assayed against a fluid standard
and when adsorbed toxoids were assayed against an adsorbed standard.
When the same criterion was used in the guinea-pig assays, the difference
in the number of unsatisfactory tests between fluid toxoids and adsorbed
toxoids, where both types 'were assayed against a fluid standard, was
not statistically significant. The number of assays, however, was relatively
small and in the present series there was a higher proportion of unsatis-
factory results with the adsorbed preparations.

From the above, it is evident that the problem of assaying tetanus
toxoid varies with the test-animal employed. With guinea-pigs, the dosage-
response lines for plain and adsorbed toxoids appear to have comparable
slopes, and a single standard should prove adequate for assaying all types.
This, however, is clearly not the case with mice, for the dosage-response
curves of fluid and adsorbed preparations are not similar, and the use
of a fluid standard would, therefore, be most unprofitable since over 50%
of the tests with adsorbed toxoids might prove unsatisfactory.

The acceptability of the individual assays, and the assessment of the
rationale of a single fluid standard toxoid for assaying all types of tetanus-
toxoid prophylactics, has been based entirely on a statistical criterion for
the parallelism of dosage-response lines. Such a procedure is justifiable
if assays with non-parallel response curves yield unreliable or inaccurate
results.

The original studies in the development of our assay procedures 3 4

showed the test to yield reasonably good, reproducible results. If, however,
it could be shown that assays considered unsatisfactory because of non-
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TABLE II. TYPICAL RESULTS OF REPEAT ASSAYS OF TETANUS TOXOIDS
AGAINST A FLUID TOXOID STANDARD, USING MICE AND GUINEA-PIGS AS

TEST-ANIMALS

Toxoid
number
and type

1. DTPa
(fluid)

2. Tetanus
(fluid)

3. DTP
(alum)

4. Tetanus
(alum)

5. DTc
(alum)

6. DTP
(alum)

7. DTP
(alum)

Date
of

assay

7. 1.50

1. 4.50

22. 4.50

16.10.50

17.10.50

17.11 .50

7. 1.50

13. 9.50

26.10.51

3.11.51

6.11 .51

30.11 .51

20.12.51

21. 2.52

3. 3.52

21.12.51

25. 2.52

6. 3.52

6.11 .51

3. 3.52

6. 3.52

17.10.50

10.10.50

6.11.51

3. 3.52

6. 3.52

Test-
animal

Guinea-pigs

Guinea-pigs

Guinea-pigs

Guinea-pigs

Mice

Mice

Guinea-pigs

Guinea-pigs

Mice

Mice

Mice

Mice

Mice

Mice

Mice

Guinea-pigs

Guinea-pigs

Guinea-pigs

Mice

Mice

Guinea-pigs

Mice

Guinea-pigs

Mice

Mice

Guinea-pigs

X 2 for
parallelism
of curves

0.2

1.5

3.7

2.8

0

3.3

1.4

4.0 b

2.5

3.8 b

0.1

6.6 b

4.0 b

7.4 b

6.7 b

2.5

0.1

0.9

0.1

4.2b

0

2.0

0

0

9.9 b

0

Potency
in terms
of fluid
standard

0.9

0.8

0.5

0.2

0.8

0.4

6.4

7.2

99

113

13

114

49

88

112

8

13

12

0.4

32.1

2.4

132

10

1.1

108

3.6

Limits of
error

(P = 0.05)

0.5- 1.9

0.4- 1.7

0.5 - 1.2

0.04- 0.7

0.5- 1.2

0.3 - 0.5

4 - 10

3 - 16

66

68

7

74

32

58

72

5

7

8

-148

-189

- 22

-130

- 77

-134

-175

- 11

- 22

- 17

0.3 - 0.5

22 - 46

1.5- 3.8

78 -221

4.6 - 22.5

0.9- 1.4

81 -144

2 - 5

a DTP = diphtheria toxoid combined with tetanus toxoid and pertussis vaccine.
b X' values too high for an acceptable test. For assay purposes, the Immunization curves

are considered parallel if their X' value for parallelism is less than 3.8.1,5
c DT = diphtheria toxoid combined with tetanus toxoid.
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parallel dosage curves yielded results reasonably close to those obtained
with " satisfactory " assays, then parallelism of dosage-response lines would
obviously be a factor of minor significance.

To study this point, we reviewed the results of all our assays in which
a toxoid had been assayed upon more than one occasion. The results
of a representative number of these are presented in table II. One prepa-
ration-an alum-precipitated tetanus toxoid shown as No. 4 in the table-
was assayed on 10 separate occasions. Seven of the assays were with mice,
and three were with guinea-pigs. The x 2 values for parallelism of curves
for each individual test are shown in column 4. It is interesting to note
that in every instance where the X 2 value was too high for an acceptable
test, i.e., 3.8 or greater, the result was completely out of line, being
approximately 10 times more than that obtained in an acceptable test
(X 2 below 3.8). It should also be noted, however, that, with the same
toxoid, the first assay on mice yielded a high result even though the X 2
value indicated an acceptable test. Similarly, a high result was obtained
with toxoid No. 6 when the dosage-response curves appeared satisfactory.

It has been our experience that this unusual type of result occurs
occasionally in mouse assays of adsorbed preparations even when the
dosage-response curves of standard and test toxoid are parallel as judged
by the X 2 test, but that, in general, the mouse test gives results comparable
to those of the guinea-pig. Mouse assays of adsorbed preparations with
non-parallel dosage-response lines always yield results that are distorted.
It is interesting to note that we have not observed a single instance of
such a result in our mouse assays of fluid preparations nor in our guinea-
pig assays of either fluid or adsorbed toxoids. In fact, the results of our
guinea-pig assays have been of the same order regardless of whether the
x2 for parallelism was high or not. An example of this is shown in
table II concerning preparation No. 3, which was assayed twice on guinea-
pigs. The X 2 value for parallelism was high in the second test, but the
result was of the same order as that of the preceding acceptable test.

From these results it is evident that the mouse is not as satisfactory
as the guinea-pig for assaying adsorbed tetanus toxoids because, with
these preparations, inexplicable results occasionally occur even when the
most exact statistical criteria have been met satisfactorily. This can be
extremely confusing. Further, several laboratories have informed us
(personal communications) that they have had difficulty in developing a
satisfactory mouse test. To offset these disadvantages, the mouse has
many advantages. It is more-readily reproducible and available, and is
easier to house, and both the initial cost and the cost of feeding are less.
The advantages, in our opinion, outweigh the disadvantages so that the
mouse must be given due consideration when it comes to the selection
of a test-animal. We consider it to be the test-animal of choice for fluid
preparations.
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If the mouse is to be used as the test-animal for all types of tetanus
toxoid, two standards are necessary-one for fluid preparations and one
for adsorbed-for attempts in our laboratory to assay adsorbed prepara-
tions (on mice) against a fluid standard have resulted in over 50% unsatis-
factory tests. On the other hand, the evidence presented here suggests
that when the guinea-pig is used as the test-animal, a single fluid standard
will do for all types of preparation, even though our guinea-pig assays
of adsorbed preparations against a fluid standard yielded a higher pro-
portion of unsatisfactory tests than when fluid toxoids were so tested.
It is our opinion that laboratories carrying out regular assays of both
fluid and adsorbed tetanus toxoids would be well advised to have two
separate standards. This does not mean that a second international
standard is necessary. The WHO Expert Committee on Biological
Standardization has already defined an international unit for tetanus
toxoid, i.e., the immunizing activity of 0.03 mg of the international
standard.6 It would be relatively simple for individual laboratories to
use the international standard and unit and establish substandards of both
plain and adsorbed toxoids for use in their own assay work.

RJtSUMIt

L'analyse des r6sultats de 276 essais biologiques d'anatoxines t6taniques, effectues
de 1950 a 1952 par le Laboratory of Hygiene, Department of Health and Welfare, Ottawa,
Canada, a rev616 des divergences selon que l'on utilise la souris ou le cobaye comme animal
d'epreuve. Avec la souris, les courbes dose-reponse des anatoxines simples diff6rent de
celles des anatoxines adsorbees. Si l'on utilise le cobaye, au contraire, elles sont sem-
blables. Cependant, la souris presente des avantages pratiques qui doivent la faire preferer
au cobaye ; elle est, du reste, l'animal d'epreuve le meilleur pour le titrage des anatoxines
simples. Pour le titrage des anatoxines adsorbees, il y a lieu d'etablir un 6talon particulier.
Cela n'implique pas qu'un second 6talon international d'anatoxine t6tanique - destine
au titrage des anatoxines adsorbees - soit necessaire. I1 suffira aux laboratoires charges
des titrages de preparer, pour leur travail pratique, d'apres 1'etalon international existant,
deux 6talons secondaires, l'un pour les anatoxines simples, l'autre pour les anatoxines
adsorb6es.
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