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International collaborative studies on potency
assays of diphtheria and tetanus toxoids
J. D. VAN RAMSHORST,1 T. K. SUNDARESAN, 2 & A. S. OUTSCHOORN 3

Collaborative studies showed that relative potency assays for a particular type of
diphtheria toxoid (adsorbed) and for tetanus toxoid (plain and adsorbed) gave very
similar results, whether the assays were carried out by toxin challenge or by antitoxin
titration after immunization of experimental animals with graded doses of toxoid. The
same numerical results were obtained with a scoring system as with a system based on
survivals only. Although skin tests were used on a very limited scale in these studies, it
seems likely that they could replace lethal tests for the diphtheria challenge assays.

For both tetanus and diphtheria, the adsorbed toxoid gave a higher relative potency when
combined with other antigens than as a single toxoid. Both mice and guinea-pigs were
usedfor the lethal challenge test of adsorbed tetanus toxoid. For the single tetanus toxoid
the results were the same, but for the combined toxoid (DPT vaccine) the mouse assay
results were about twice those ofguinea-pig assays.

Suitable methods for determining the potency of
diphtheria and tetanus toxoids are essential if nation-
al control authorities are to apply uniform criteria.
Methods based on the measurement of absolute
amounts of antibody in the blood of immunized
animals, even if these amounts are measured in inter-
national units of antitoxin, are unsuitable for potency
determinations since they are influenced by seasonal
and individual variations in the animals. Relative
methods in which groups of animals are inoculated
with different (preferably at least three) doses of the
toxoid and a reference preparation calibrated in
international units are better. Such methods include
both protection tests (challenge methods) and a
measurement of antibody response. This paper
describes the design and results of a collaborative
investigation of the consistency of the results obtained
in various laboratories using different methods.

Sufficient information to enable minimum require-
ments for potency, based on animal tests, to be
defined would require both laboratory and clinical
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investigations. Such investigations can be reasonably
performed only after the main problem of animal
tests has been solved.

Altogether, nine laboratories agreed to take part in
the collaborative studies (see the Annex); the
Laboratory for Biological Standardization of the
Rijks Instituut voor de Volksgezondheid, Bilthoven,
the Netherlands, was the co-ordinating laboratory,
and the original plan 4 was developed in close co-
operation with Dr I. Scheibel and Mr M. Weis
Bentzon, Statens Seruminstitut, Copenhagen.

DESIGN OF THE STUDIES

The experiments can be summarized as follows:
(1) an adsorbed tetanus toxoid and the same

adsorbed toxoid combined with diphtheria toxoid
and pertussis vaccine (killed whole bacterial) were
compared with the International Standard for Teta-
nus Toxoid, Adsorbed, in guinea-pigs and mice;

(2) in an identical experiment plain tetanus toxoid
was compared with the International Standard for
Tetanus Toxoid, plain (these tests were carried out
only in guinea-pigs since most strains of mice are not
suitable for testing plain tetanus toxoids); and

' See footnote to Annex, p. 275.
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(3) an adsorbed diphtheria toxoid and the same
adsorbed toxoid combined with tetanus toxoid and
pertussis vaccine were compared with the Interna-
tional Standard for Diphtheria Toxoid, Adsorbed, in
guinea-pigs.
A similar experiment with plain diphtheria toxoid

was also planned but had to be postponed since
adequate amounts of the International Standard for
Diphtheria Toxoid, Plain, were not available.

VACCINES

The composition of the test toxoids used in the
experiments was as follows:

(1) tetanus toxoid, adsorbed
(a) single

10 Lf/ml tetanus toxoid1
3 mg AlPO4/ml (= 0.65 Al/ml)
pH 6.5

(b) combined
50 Lf/ml diphtheria toxoid 2
10 Lf/ml tetanus toxoid
32 x 109 B. pertussis organisms per ml
3 mg AlPO4/ml (= 0.65 mg Al/ml)
pH 6.9-7.0

These preparations were compared with the Inter-
national Standard for Tetanus Toxoid, Adsorbed.

(2) tetanus toxoid, plain
(a) single

25 Lf/ml tetanus toxoid
pH 6.5

(b) combined
50 Lf/ml diphtheria toxoid
25 Lf/ml tetanus toxoid
32 x 109 B. pertussis organisms per ml
pH 6.9-7.0

These preparations were compared with the Inter-
national Standard for Tetanus Toxoid, a plain
toxoid.

(3) diphtheria toxoid, adsorbed
(a) single

50 Lf/ml diphtheria toxoid
3 mg AlPO4/ml (=0.65 mg Al/ml)
pH 6.5

1 The Lf value for tetanus was determined with the aid of
a national flocculation serum, the unitage of which had been
measured in comparison with the Danish reference serum,
used in Copenhagen for this purpose.

"The Lf value for diphtheria was based on the Inter-
national Reference Preparation of Diphtheria Antitoxin for
Flocculation Test.

(b) combined
This was the same preparation as tetanus
toxoid, adsorbed, combined mentioned above
(1 b).

These preparations were compared with the
International Standard for Diphtheria Toxoid,
Adsorbed.
The test vaccine and all the toxoids were made in

the Rijks Instituut voor de Volksgezondheid, Nether-
lands, from the same batches of purified diphtheria
toxoid, purified tetanus toxoid, and routine whole-
cell pertussis vaccine. The toxoids were detoxified
with formaldehyde before purification. The diphthe-
ria toxoid contained 2 500 Lf per mg of protein
nitrogen (PN) and the tetanus toxoid 2 200 Lf per mg
of PN. The preparations contained thiomersal
(0.01 %) as a preservative. All the preparations were
tested in the RIV for sterility and they passed all
safety tests for human use. The protective potency
of the pertussis component in the adsorbed combined
vaccine was found to be about 12 IU/ml, and in the
plain combined vaccine about 6 IU/ml (RIV experi-
ments). The potency of the pertussis vaccine alone
had been found to be about 8 IU/ml, if calculated at
the same concentration level.

COMPARATIVE POTENCY TESTS

The guinea-pig tests for diphtheria, as well as for
tetanus, were performed in most laboratories in two
ways.

Lethal challenge method
All immunized animals received a lethal challenge

of at least 25 LD50 (usually 50 LD5O) of toxin. The
time between immunization and challenge was 28 or
29 days. All animals were observed for 5 days after
challenge for deaths (in laboratory 9 the observation
period was 8 days). In laboratory 4 the guinea-pigs
used for tetanus tests were killed after clear-cut teta-
nus symptoms were seen and these symptoms, rather
than death, were used as indicators. In most labora-
tories a fixed challenge dose was given to all animals
as a routine procedure, but in one laboratory (no. 2)
the challenge dose given was related to the weight of
the animals at the time of challenge.

In laboratory 5 the percentage of animals killed by
the challenge dose was recorded and also the " score "
was estimated according to a modification of the
method devised by Ipsen (1952, 1957). For the latter,
the time of death and the presence of symptoms in
surviving animals are taken into account.
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Each of the preparations was used in at least
three dilutions. It was suggested to the participants
that generally a dilution factor of 2.5 should be
chosen for the different toxoid doses. Unfortunately,
since the slopes of the log dose-response lines are
very steep, especially for the adsorbed toxoids, this
choice of dilution resulted, at both the highest and
lowest dosage levels, in 100% survival in some
experiments and in 100% death in others, for a
single preparation. Some laboratories, however,
recognized this problem from earlier experience
and chose a dilution factor of 2, which gives a better
result if the middle dose happens to be in the
50% survival region.

Antitoxin titration

Blood was taken from the immunized animals, and
the antitoxin in the serum of each animal was titrated.
The blood was taken by cardiac puncture 28 days
after immunization. If the same animals were used
for challenge and bleeding, the blood samples were
taken after 27 days and the challenge was given after
29 days. In each laboratory, local antitoxin stan-
dards calibrated in international units were used.

Testing schedules

In laboratories 1, 4, and 5 the same guinea-pigs
were used for lethal challenge and antitoxin titration;
in the other laboratories, either different animals
were used or antitoxin titration was not carried out.

In two laboratories (4 and 9) an intradermal
challenge was given for the diphtheria tests, in addi-
tion to lethal challenge. The intradermal challenge
was based on the principle of the Schick reaction.
The animals were given 5 Schick test doses of toxin
in a shaven part of the skin, and the presence or
absence of a local skin reaction was noted. In
laboratory 4 the same guinea-pigs were used for the
three methods. Mouse tests for adsorbed tetanus
toxoids were carried out by a lethal challenge
method only.
The toxins employed for challenge tests (including

the diphtheria Schick method) were local materials
generally used in each laboratory. In each test the
challenge dose was checked in a group of control
animals.
The antitoxin titration was carried out in labora-

tory 5 by a haemagglutination procedure; in labora-
tory 7 both a tissue-culture method and an in vivo
method were used for diphtheria and all other
laboratories used in vivo tests (skin test for diphtheria,
mouse test for tetanus). A survey of the data for

animals and challenge toxins supplied by the labora-
tories is given in Table 1.
Most laboratories made preliminary tests first

with small numbers of animals (5 guinea-pigs or
10 mice per dilution of toxoid) in order to determine
the correct toxoid dilutions for the final tests. The
results of these preliminary tests have been included
in the analysis whenever they were suitable for calcu-
lation. For laboratory 9, preliminary tests only were
included, since they were suitable for the purpose and
the laboratory did not perform final tests.

RESULTS

Statistical analyses of the toxin challenge assays
were carried out using probit transformation for the
response variables and by fitting parallel regression
lines. Wherever the response was given as either
0 or 100 %, i.e., when either all or none of the animals
survived, the values assumed were based upon the
approximation suggested by Berkson (1955). The
approximation consists broadly of taking 1/2n for the
0 response and 1-(1/2n) for the 100% response,
where n is the number of animals challenged at the
corresponding dilution level. For the antitoxin titra-
tion assays, the parallel-line assay method of Finney
(1964) was used.
A few laboratories performed more than one assay

for each of the substances. An examination of their
results revealed that the variation in results between
assays performed by individual laboratories was
of the same order as that observed between the
different laboratories. Hence, the results of all the
assays were combined and the confidence limits were
calculated by taking the log relative potencies of each
assay, duly weighted by the inverse of their individual
variances. If, however, there was evidence of signifi-
cant heterogeneity between assays in any group of
experiments, the weighting was corrected (see Bliss,
1952) to take into account the variation between
assays. Table 2 gives the number of assays included
in the analysis for each substance by laboratory and
by method of assay.
For the toxin challenge assays of the three toxoids,

the individual slopes, and the common slope are
shown in Table 3. While in many assays the slopes of
the substances compared showed greater similarity
than in others, there was no evidence in any of
the comparisons that there was any consistent
difference in slope.

In many instances in the antitoxin titration assays,
a large number of titrations, especially at the lower

9
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Table 2. Number of assays carried out in different laboratories by different methods. Only assays considered
in the analysis are included

Tetanus adsorbed Tetanus Plain Diphtheria adsorbed

Labor- Toxin Toxin Toxin Toxin
atory challenge challenge Antitoxin challenge Antitoxin challenge Antitoxin Remarks

in guinea- titration in guinea- titration in guinea- titration
pigs in mice pigs pigs

1 1 2 a 1 1 1 1 1 same guinea-pigs used for both
toxin challenge and antitoxin
titration

4 1 1 1 2 a 1 b 1 same guinea-pigs used for both
toxin challenge and antitoxin
titration

5 1 2 1 2 2 1 1 same guinea-pigs used for both
toxin challenge and antitoxin
titration; for all toxin challenge
assays the score method has also
been applied

6 1 31111

7 1 2~ 1a11 C

9 1 1 1 1 1 1 b 1 all preliminary tests only

total 8 13 6 11 5 8 6

a One preliminary assay has been included.
b In laboratories 4 and 9, diphtheria toxoid, adsorbed, was also assayed by the Schick method, and in laboratory 4 one assay was also

carried out by the Schick method only. The results, however, have not been combined with the analysis of the toxin challenge assays by the
survival method.

c Sera titrated both by in vivo and tissue-culture methods.

dilution levels, were recorded as being lower than a
minimum level of titration.

Tables 4, 5, and 6 give the relative potencies and
95% confidence limits for the various assays based
on the common slopes.

Tetanus toxoid, adsorbed (Table 4)

Toxin challenge assays with guinea-pigs. In 2 of
the 8 assays there was significant departure from
linearity for at least one of the substances compared;
in one other assay the single vaccine gave only one

response between 0 and 100%.
The potency of the single toxoid relative to the

standard ranged from 79 in one assay to 253 in

another. Probably because of the large variance
associated with any one of the estimates, the observed
differences between most of the assays were not
statistically significant.
The estimate for the relative potency of the com-

bined toxoid ranged from 109 to 292 and there was
no evidence of statistically significant differences.
However, in all assays the relative potency of the
combined toxoid was higher than that of the single
toxoid.

Toxin challenge assays with mice. Altogether,
13 assays were made; in one there was a significant
departure from linearity and in another there was
a significant departure from parallelism. In one other
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Table 4. Potencies of tetanus toxoid, adsorbed, relative to the international standard. The results are shown in
international units per ml of test toxoid by different assay methods. Values in parentheses are 95 % confidence limits*

Single Combined

Guinea-pigs Guinea-pigs__ -Footnote

Serial Lab- Guinea-pigs Mouse Guinea-pigs Mouse reference
no. tora- Toxin Antitoxin toxin Toxin Antitoxin toxin

toy_ challenge titration challenge challenge titration challenge

2

3 a

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20 a

21

22

23 a

24 a

25 a

2

3

4

4

5

5

5

5

6

6

6

6

6

7

7

7

7

8

8

9

9

9

252.9
(3-1 05)

170.7
(24-1 126)

92.3
(59-148)

229.4
(162-326)
285 (score)
(216-378)

171.3
(104-302)

152.9
(94-274)

99.7
(66-151)

78.5
(26-221)

222.5
(159-31 2)

109.3
(63-190)

215.3
(170-273)

94.0
(66-134)

189.3
(128-280)

160 b

153.4
(101-232)

182.5
(87-394)
196.5

(112-377)

213.8
(156-294)

97.6
(67-142)

1 31 (score)
(82-208)
132.0

(89-196)
204 (score)
(117-355)

122.6
(41-395)
130.4

(82-207)
122.5

(76-201)

268.4
(165-544)

167.7
(92-314)

73.2
(47-115)

254.6
(141-491)

292.3
(0-1 05)

197.8
(27-1 291)

139.1
(86-221)

278.2
(196-394)
350 (score)
(255-480)

249.6
(152-420)

205.4
(138-307)

258.8
(154-424)

213.7
(141-324)

109.3
(34-288)

558.9
(400-781)

143.0
(90-227)

212.8
(168-269)

136.0
(1 02-1 81)

261.4
(84-810)

500 b

405.6
(266-602)

486.3
(225-1 062)

488.5
(280-911)

489-1
(356-672)

172.4
(119-249)
212 (score)
(140-322)

348.9
(235-520)
525 (score)
(303-907)

299.9
(103-982)

272.4
(175-432)

369.7
(21 9-730)

853.9
(525-1 727)

357.5
(194-667)

364.5
(232-577)

545.4
(302-1 007)

2, 4, 6a, 6c

5

4,7

6a, 6b, 6c

I

4

6a,6c

* See also postscript on p. 275.
a Preliminary results.
b Graphical estimate, 95 % confidence limits not calculable.
1 Standard had only one point between 0 and 100 %.
2 Single toxoid had only one point between 0 and 100 %.
3 Combined toxoid had only one point between 0 and 100 %.

4 Significant departure from linearity in toxin challenge assay for at
least one of the preparations.

6 Significant departure from parallelism in toxin challenge assay.
6 In the antitoxin titration assay for at least one dilution level more than
50 % of the animals had titres below the minimum level of titration:
(a) standard, (b) single toxoid, (c) combined toxoid.

7 Significant heterogeneity.
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assay the standard gave a response between 0 and
100% at one dilution level only.
The relative potencies for the single toxoid ranged

from 73 to 268. For the combined toxoid the range
was 172-545 for 12 assays; the thirteenth gave an

outlying value of 854. There were no statistically
significant differences between assays for either of the
two toxoids (taking them in pairs) in most cases.

However, it was consistently observed that the rela-
tive potency of the combined toxoid was higher than
that of the single toxoid; this was much more marked
than in the guinea-pig experiments.
The differences between estimates of the single

toxoid from guinea-pig and mouse experiments did
not exhibit any consistent pattern. In some labora-
tories the guinea-pig assay gave a higher value but
the mouse assay gave the higher value in others.
None of the differences were statistically significant.
However, for the combined toxoid the mouse assays
consistently gave a much higher value than the
experiments with guinea-pigs. The combined results
are shown in Table 5.
One laboratory used the score method and the

estimates obtained in this way were close to those
derived from the toxin challenge method based on
survivals only.

Thus, as far as the single toxoid is concerned, it
appears to be immaterial whether guinea-pigs or

mice are used for estimating the relative potency. On
the other hand, the species of animal does make a

considerable difference in estimating the relative
potency of the combined toxoid.

Antitoxin titration assays. In 3 of the 6 assays at
one dilution level, at least for one of the toxoids and
the standard, more than 50% of the animals had
titres below the minimum level of titration. For the
single toxoid, estimates of the relative potency
ranged from 94 to 223; neither the estimates obtained

Table 5. Tetanus toxoid, adsorbed; combined results
for toxin challenge assays

Single/standard Combined/standard
Animal Relative 95 % confi-

potency dence limits potency dence limits

guinea-pig 144a| 119-175 221 183-267

mouse 148 a 122-181 38o a 311-465

a Significant heterogeneity between assays.

Table 6. Tetanus toxoid, adsorbed; combined results
for antitoxin titration assays

Single/standard Combined/standard

Relative 95 % confi- Relative 95 % confi-
potency dence limits potency dence limits

160a 113-228 224a 149-338

a Significant heterogeneity between assays.

from different assays nor those obtained by this
method and the toxin challenge method showed
significant differences if certain outlying values were
excluded. The same guinea-pigs were used for the
two methods in 3 out of 5 assays. The estimates in
these cases were very close indeed.

Estimates for the combined toxoid ranged from
136 to 261, disregarding two outlying values of 500
and 559. Similar observations were recorded for the
single toxoid with regard to differences between
estimates made by the two methods. However, the
estimates obtained from antitoxin titration were
generally associated with a smaller variance than
those from toxin challenge, and in that respect they
can be considered to be more precise. The combined
results are shown in Table 6.

Thus, from the results of estimating potencies of
tetanus toxoid, adsorbed, preparations relative to a
standard consisting of an adsorbed preparation free
from other antigens, it was not possible, using
guinea-pigs, to establish a difference between the
antitoxin titration method and the toxin challenge
method for a particular type of test preparation, i.e.,
either single or combined with other antigens. How-
ever, there were differences between the results ob-
tained with two types of test preparation and with
animals of different species. These results are dis-
cussed below.

Tetanus toxoid, plain (Table 7)
Toxin challenge. There was a significant departure

from linearity in 2 of the 11 assays and in 2 assays
there was a significant departure from parallelism.
In 2 assays, for at least one of the products, there
was a response between 0 and 100% at one dilution
level only.
The estimates of relative potency ranged from 28

to 75 for the single toxoid and from 115 to 295 for
the combined toxoid; disregarding one outlying value
(106) for the single toxoid and two (345 and 610) for
the combined toxoid. The differences between the
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Table 7. Potencies of tetanus toxoid, plain, relative to the international standard. The results are shown in internatio nal
units per ml of test toxoid by different assay methods. Values in parentheses are 95 % confidence limits

Single (in guinea-pigs) Combined (in guinea-pigs)
Serial Labor- Footnote
no. atory Toxin Antitoxin Toxin Antitoxin reference

challenge titration challenge titration

1 1 35.3 68.8 201.0 383.8
(6-211) (47-100) (34-1 428) (258-570) 4, 6a, 6b, 6c

2 2 a 234.3 a 5

3 3 31.3 114.5
(16-53) (65-1 94)

4 4 75.4 609.6
(38-170) (291-1 622)

5b 4 28.2 108.2
(10-77) (38-293)

6 5 28.6 30.1 186.0 214.2 1
(20-41) (23-40) (130-266) (160-287)

31 (score) 197 (score)
(26-38) (161-243)

7 5 39.1 47.9 139.5 153.9 1, 3, 5
(27-61) (38-60) (92-192) (124-191)

63 (score) 196 (score)
(21-190) (173-223)

8 6 44.6 295.0
(27-82) (1 77-557)

9 7 43.9 162.6
(29-74) (1 06-269)

10 7 31.3 178.9 6a
(24-42) (1 32-241)

11 8 106.1 344.5 4
(48-266) (155-822)

12b 9 60.5 153.3
(22-227) (54-479)

13b 9 53c 250C l

a 95 % confidence limits not calculable.
b Preliminary results.
c Graphical estimate, 95 % confidence limits not calculable.
1 Standard had only one point between 0 and 100 %.
2 Single toxoid had only one point between 0 and 100 %.

3 Combined toxoid had only one point between 0 and 100 %.

assays were not statistically significant. The com-

bined results are shown in Table 8.
The score method was used by one laboratory.

The results obtained in this way did not differ in a

statistically significant way from those obtained by
the toxin challenge method based on survivals only.

Antitoxin titration. In 2 of the 5 assays, more than
50% of the animals had titres below the minimum
level of titration for at least one of the products at
one or more dilution levels.

4 Significant departure from linearity in toxin challenge assay for at
least one of the preparations.

5 Significant departure from parallelism in toxin challenge assay.
6 In the antitoxin titration assay for at least one dilution level more
than 50 % of the animals had titres below the minimum level of
titration: (a) standard, (b) single toxoid, (c) combined toxoid.

Table 8. Tetanus toxoid, plain; combined results
for toxin challenge assays

Single/standard Combined/standard

Relative 95 % confi- Relative 95% confi-
potency dence limits potency dence limits

40 33-48 193 a 143-260

a Significant heterogeneity between assays.
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The estimates of relative potency ranged from 30
to 69 for the single toxoid and from 154 to 384 for
the combined toxoid. In 3 of the 4 assays, the same
guinea-pigs were used for antitoxin titration and for
the toxin challenge experiments. These experiments
were insufficient for a relationship between results to
be established. The combined results are shown in
Table 9.

Table 9. Tetanus toxoid, plain; combined results
for antitoxin titration assays

Single/standard Combined/standard

Relative 95 % confi- Relative 95 % confi-
potency dence limits potency dence limits

42 a 28-61 213a 144-316

Thus, from the results of estimating in guinea-pigs a Significant heterogeneity between assays.

Table 10. Potencies of diphtheria toxin, adsorbed, relative to the international standard. The results are shown
in international units per ml of test toxoid by different methods. Values in parentheses are 95 % confidence limits

Serial Labor- 1 Single (in guinea-pigs) Combined (in guinea-pigs) I Footnote
no. atory Toxin challenge Antitoxin titration Toxin challenge Antitoxin titration reference

1 1 157.3 154.8 420.1 416.2 5
(90-270) (102-235) (236-775) (270-643)

2 2 104.5 176.1 1, 2, 7
(72-149) (123-250)

3 3 98.8 180.1
(72-136) (131-248)

4 4 55.1 114.8 4
(24-135) (50-261)

72.3 (Schick) 91.5 183.9 (Schick) 162.7 4, 6 b, 6 c
(46-117) (55-152) (117-290) (116-227)

5 a 4 78.9 (Schick) 262.8 (Schick)
(30-193) (111-614)

6 5 143.3 109.0 144.3 152.3 1, 2, 3
(100-206) (85-139) (100-207) (119-195)

236 (score) 220 (score)
(125-446) (129-375)

7 5 116.6
(97-140)

8 6 153.4 162.6 1
(99-241) (102-254)

9 6 117.2 291.1
(61-224) (161-527)

10 7 110.4 248.1
(69-229) (160-464)

11 7 105.5b 190.6b
(75-148) (1 43-254)

79.6 C 184.5 C
(62-103) (146-234)

12a 9 152.5 311.8
(51-479) (100-942)

13 a 9 195.2 (Schick) 237.8 (Schick)
(105-380) (127-437)

14a 9 180d 180d

a Preliminary results.
b Titration by tissue-culture.
c Titration in vivo.
d Graphical estimate, 95 % confidence limits not calculable.
1 Standard had only one point between 0 and 100 %.
2 Single toxoid had only one point between 0 and 100 %.
3 Combined toxoid had only one point between 0 and 100 %.

4 Significant departure from linearity in toxin challenge assay for at
least one of the preparations.

5 Significant departure from parallelism in toxin challenge assay.
6 In the antitoxin titration assay for at least one dilution level, more
than 50 % of the animals had titres below the minimum level of
titration: (a) standard, (b) single toxoid, (c) combined toxoid.

7 Significant heterogeneity.
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the potencies of tetanus toxoid, plain, preparations
relative to a standard consisting of a plain prepara-
tion free from other antigens, it was not possible
to establish a difference between the antitoxin titra-
tion method and the toxin challenge method for a
particular type of test preparation, i.e., single or
combined with other antigens. However, the
differences in the results between the two types of
test preparation were even more marked than in
the case of the tetanus toxoid, adsorbed, pre-
parations.

Diphtheria toxoid, adsorbed (Table 10)
Toxin challenge. In 2 of 8 assays, for at least one

of the preparations, there was a significant departure
from linearity, and in one other assay there was a
significant departure from parallelism. In three
assays, for at least one of the preparations, there was
a response between 0 and 100% at one dilution level
only.
One estimate for each preparation, single and

combined, gave an outlying value, and this assay
also revealed a significant departure from parallelism.
Excluding this value, the relative potency estimates
ranged from 55 to 153 for the single toxoid and
from 115 to 312 for the combined toxoid. The
combined results are shown in Table 11.

Table 11. Diphtheria toxoid, adsorbed; combined results
for toxin challenge assays

Single/standard Combined/standard

Relative 95 % confi- Relative 95 % confi-
potency dence limits potency dence limits

120 103-140 186 159-217

Two laboratories used the Schick method and one

laboratory the score method. Their estimates were

generally within the range of variation observed in
the results obtained by the other methods.

Antitoxin titration. In 1 of the 6 assays, more than
50% of the animals had titres below the minimum
level for the lowest dilution of the single and com-
bined toxoids. The ranges were 80-155 for the single
toxoid and 117-416 for the combined toxoid. The
combined results are shown in Table 12.

Summary
For assays relative to the appropriate international

standard, the following conditions have been found.

Table 12. Diphtheria toxoid, adsorbed; combined results
for antitoxin titration assays

Single/standard Combined/standard

Relative 95 % confi- Relative 95 % confi-
potency dence limits potency dence limits

102 89-117 191 140-262

(1) Whatever kind of tetanus preparation, whether
adsorbed or plain, was assayed, in guinea-pigs, the
antitoxin titration method gave results similar to
those obtained by the toxin challenge method.

(2) The same was true also for diphtheria toxoid,
adsorbed (diphtheria toxoid, plain, was not tested).

(3) In either case, the adsorbed toxoid, tetanus or
diphtheria, showed a higher relative potency when
combined than as a single toxoid. This difference
was also found when tetanus toxoid, plain, was com-
bined with other (non-adsorbed) antigens; in those
cases it was more marked than the difference
occurring in the adsorbed toxoids.

(4) The single tetanus toxoid, adsorbed, gave very
similar results in guinea-pigs (in toxin challenge and
antitoxin titration assays) and mice (in toxin chal-
lenge assays).

(5) The mouse assays gave consistently higher
results than the guinea-pig assays for the combined
tetanus toxoid.

DISCUSSION

The main aim of the studies was to investigate the
suitability of different assay methods, especially
lethal challenge and antitoxin titration of the serum
of immunized animals, since these are the methods
commonly used. For practical reasons, the number
of tests that could be carried out was limited. The
results clearly indicated that, for the same type of
preparation, assays with graded doses in comparison
with standards made by lethal challenge and anti-
toxin titration gave essentially the same informa-
tion. Consequently, the choice of method seems to
be a matter of local and personal preference and
could not be decided on the grounds that one method
would give better information than another.
The measurement of the challenge response for

tetanus or diphtheria immunization by means of
" scores " in the one laboratory in which this method
was used, gave essentially the same information as
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the challenge method based on survivals only. The
same was true for challenge by intradermal inocula-
tion (Schick method) for diphtheria immunization in
the two laboratories in which it was used; further
study of this method seems justified for many
reasons, including economy.

There were no indications that the results of anti-
toxin titration assays are influenced by the titration
method used (in vivo titration, tissue-culture tests,
haemagglutination). This does not necessarily mean
that these methods give the same absolute titres of
antitoxin but simply that the mean titres lead to the
same potency relative to the standard.
An interesting feature that needs further considera-

tion is the influence of the species of animal in the
assays of tetanus toxoid, adsorbed. The adsorbed
toxoid assayed relative to the standard gave con-
sistently higher results when combined (DPT vac-
cine). However, the results for the combined toxoid
differed in mice and guinea-pigs; the mouse assays
gave significantly higher values (about twice the
relative potency) than did the guinea-pig assays.
Although the tetanus toxoid was adsorbed, the other
adsorbed antigen present and the pertussis compo-
nent produced an additional adjuvant effect in both
species, the effect being more pronounced in mice.
This is consistent with the fact that in tetanus
immunization, mice are highly sensitive to the pre-
sence of an adjuvant, and much more so than guinea-
pigs. On the other hand, the single tetanus toxoid,
adsorbed, had the same potency in both animals.
This leads to an interesting question-namely, which

of these values predicts the immunity status in man
as reached by the usual immunization procedures?
A full answer to this question could be provided
only by field experiments.

There are insufficient data to show whether all
strains of mice behave in this way. The potency
values suggest that the effect is more pronounced in
certain laboratories than in others, but this may be
the result of chance. Clarification of this problem
requires further studies with different strains of mice.

Since only a very small number of results from
repeat assays are available, it was not valid to con-
sider variation within laboratories, or to draw defi-
nite conclusions about the significance of differences
between laboratories.
Some results of the effect of administration of the

same mixed antigens to children and animals have
been reported by Holt et al. (1959). It was found
that the effect of adding plain tetanus toxoid to a
mixture of diphtheria formol-toxoid and pertussis
organisms caused a just significantly higher produc-
tion of diphtheria antitoxin in infants than when the
tetanus toxoid was omitted. This difference was
found when the Schick method was used but there
was no significant difference by titration of antitoxin
levels. A comparison of effects of the same antigens
in both infants and guinea-pigs also showed that the
dose-response lines were very dissimilar, the slopes
being much steeper in guinea-pigs. It would be useful
if field experiments could be designed to reveal the
effect of individual components as well as their
interdependence.

RESUME

ETUDES COLLECTIVES INTERNATIONALES SUR LES tPREUVES D'ACTIVITE
DES ANATOXINES DIPHTtRIQUES ET TSTANIQUES

Le but de la presente recherche etait d'etudier le degre
de concordance des resultats obtenus dans differents
laboratoires a l'aide des methodes de mesure de l'activite
relative (par rapport aux etalons internationaux) des
anatoxines diphteriques et tetaniques. Neuf laboratoires
ont participe a ces essais qui ont porte sur des preparations
renfermant une seule anatoxine (tetanique simple, teta-
nique adsorb&e et diphterique adsorbee) ou ces memes
anatoxines associees 'a un vaccin anticoquelucheux (pr&
parations DPT). Dans la mesure du possible, on a utilise
la methode de la dose letale d'epreuve et le titrage de
1'antitoxine chez le cobaye. L'anatoxine tetanique
adsorbee a egalement ete titree par la methode de la dose
letale d'epreuve chez la souris. Dans deux laboratoires,

l'activite de l'anatoxine diphterique a ete mesuree par le
test intradermique de Schick sur le cobaye. Dans un
laboratoire, la reponse a la dose letale d'epreuve a en
outre ete evalu&e selon un systeme de #points tenant
compte du moment de la mort des animaux et des
sympt6mes observes chez les survivants.

Les activites des anatoxines par rapport a 1'etalon
international correspondant ont et calculees par analyse
des probits (epreuve du parallelisme des lignes de regres-
sion). On a constate une similitude des resultats obtenus
par la methode de la dose letale d'epreuve et par le
titrage de I'antitoxine pour chacune des anatoxines etu-
diees. En raison du petit nombre de mesures effectuees
par le systeme des ( points)> et - pour l'anatoxine
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diphterique - par l'dpreuve de Schick, on ne peut porter
un jugement definitif sur ces deux methodes bien qu'elles
aient fourni des resultats tres proches de ceux obtenus par
les autres proc6dIs. L'epreuve de Schick meriterait d'etre
davantage etudiee. L'examen des donnees n'a pas fait
ressortir de differences marquees ou systematiques entre
les divers laboratoires, mais le fait demande a etre confirme.
La methode de la dose l6tale d'epreuve appliquee a

I'anatoxine tetanique adsorbee seule a donne des r6sultats
similaires chez le cobaye et chez la souris. En revanche,
avec la meme anatoxine associee a l'anatoxine diphte-

rique et au vaccin anticoquelucheux, les valeurs d'activite
d&ecelees chez la souris se sont reve16es tres superieures
(2 fois environ) a celles enregistr6es chez le cobaye. Bien
que I'anatoxine t6tanique ait ete adsorb6e sur phosphate
d'aluminium, la presence dans la preparation de deux
autres antigenes a eu un effet adjuvant supplementaire,
plus marque chez la souris que chez le cobaye. L'impor-
tance de cette constatation pour I'appreciation du degre
d'immunite realise chez l'homme par les techniques
courantes de vaccination ne pourra etre precisee que par
des essais sur le terrain et au laboratoire.
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POSTSCRIPT

Subsequent to the completion of this report, three
more toxin challenge experiments (two with guinea-
pigs and one with mice) for tetanus toxoid, adsorbed,
were reported from laboratory 9. The relative poten-
cies and 95% confidence limits were computed as
shown in the following tabulation.

Assay Single/Standard Combined/Standard

1 (guinea-pigs) 248.8 387.0
(182-360) (277-594)

Assay Single/Standard Combined/Standard
2 (guinea-pigs) 272.6 435.6

(179-500) (280-853)
3 (mice) 254.7 523.6

(178-367) (367-755)
The relative potencies are seen to be higher than

those from most of the other experiments, including
the preliminary experiments from the same labora-
tory. However, the inclusion of these results would
not alter the conclusions reached in the report.

Annex

PARTICIPANTS IN THE COLLABORATIVE STUDIES *

CANADA
Dr L. Greenberg
Laboratory of Hygiene
Ottawa

CZECHOSLOVAKIA
Dr K. Sladkf 1 and Dr B. Khi'
State Institute for Control of Drugs and National Refer-
ence Laboratory for Whooping Cough and Diphtheria

Institute of Epidemiology and Microbiology
Prague

* The order in which the laboratories are listed does not
correspond to the numbers by which they are designated in
the text.

DENMARK
Dr I. Scheibel 1
Statens Seruminstitut
Copenhagen

FEDERAL REPUBLIC OF GERMANY
Dr W. Schneider 1
Paul Ehrlich Institut
Frankfurt/Main

1 These experts were participants at a meeting on Inter-
national Requirements for Biological Substances (Problems
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JAPAN
Dr R. Muratat
National Institute of Health
Tokyo

NETHELANDS
Dr J. D. van Ramshorst,'
Riks Instituut voor de Volksgezondheid,
Bilthoven

in Assessing the Efficacy and Safety of Biological Products)
held in Geneva from 6 to 11 May 1968, at which the original
working plan for these collaborative studies was drawn up.
Another participant at the meeting was Dr F. T. Perkins,
Division of Immunological Products Control, National
Institute for Medical Research (Hampstead Laboratories),
London, England. Secretariat: Dr A. S. Outschoorn,
Chief Medical Officer, and Dr J. Uri, Medical Officer,
Biological Standardization, World Health Organization,
Geneva, Switzerland.

UNITED KINGDOM

Dr F. Sheffield
National Institute for Medical Research
(Hampstead Laboratories)

London

UN=TD STATES OF AMERICA

Dr E. B. Seligrnann
Division of Biologics Standards
National Institutes of Health
Bethesda, Md.

YUGOSLAVIA

Dr L. J. Higy-Mandic
Imunoloski Savod
Zagreb
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