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Collaborative assay of a proposed international
standard for tetanus toxoid (adsorbed)
J. D. VAN RAMSHORST 1 & T. K. SUNDARESAN2

An international collaborative assay was performed with the aim of establishing an
international standard for tetanus toxoid (adsorbed). Six laboratories participated. A
suitable preparation in the lyophilized state was made available by the Paul Ehrlich Institut,
Frankfurt am Main, Federal Republic of Germany. Preliminary experiments showed that
there were no significant differences between individual ampoules and that the preparation
was highly thermostable.

The proposed preparation (A) was compared in guinea-pigs and mice with the existing
internationalstandardfor tetanus toxoid (B), which is a plain toxoid, with anotherarbitrarily
chosen adsorbed toxoid (C), and with a number of locally prepared preparations (D).
In the mouse tests preparation B was omitted. It was found in the guinea-pig tests that
I mg of the proposed standard contained an activity equivalent to 1.5 IU if compared with
the non-adsorbed international standard but since the slopes of the log dose-response lines
for the adsorbed and plain types ofpreparation were not parallel, this is a rough approxi-
mation only. When the different adsorbed preparations were compared, there was close
correlation between the guinea-pig tests and the mouse tests. In the guinea-pig test I ml
of preparation C corresponded to 126.5 mg of preparation A and in the mouse test to
129.9 mg ofpreparation A. In one laboratory comparative tests were made by titrating
blood antitoxins after immunization of guinea-pigs with graded doses of the toxoids. The
results corresponded very well with the data from challenge tests (I mg ofpreparation A
contained 1.5 IU of the plain toxoid in challenge tests and 11.4 IU in the titration test).

Preparation A was established by the WHO Expert Committee on Biological Standar-
dization as the international standard for tetanus toxoid (adsorbed) and the international
unit was defined as the activity contained in 0.6667 mg of the international standard.

The WHO Expert Committee on Biological Stan-
dardization (1952) established the international
standard for tetanus toxoid; this was a non-adsorbed
toxoid preparation. It was stated at that time that
" there was evidence that the slopes of the dosage-
response lines for plain and adsorbed toxoids were
closely similar " and that " a single standard could
at present be used for the assay of both plain and
adsorbed preparations of tetanus toxoid ". The
Committee then defined the international unit of
tetanus toxoid as the immunizing activity of 0.03 mg
of the international standard. This unit was made
approximately equivalent to the existing German
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heid, Bilthoven, Netherlands.

'Statistician, Health Statistical Methodology, World
Health Organization, Geneva, Switzerland.

" Schutzeinheit ", the unit of the Paul Ehrlich
Institut standard.
The experiments that led to the establishment of

this standard and definition of the unitage were
carried out on guinea-pigs. Assays performed by
Greenberg (1953) in Canada confirmed the opinion
that, if guinea-pigs are immunized with different
doses of plain and adsorbed tetanus toxoids, the
slopes are similar. Greenberg concluded that in this
case one standard should suffice, but he also found
that the situation is different if mice are used. He
stated that " while a second international standard
for adsorbed preparations is not required, labora-
tories performing these tests are advised to establish
separate standards, one for plain toxoid and one for
adsorbed ".

Further attention was drawn to this fact by
Cohen, van Ramshorst & Tasman (1959), who also

2782 -53-



J. D. VAN RAMSHORST & T. K. SUNDARESAN

reported a pronounced slope difference. In the
experiments with mice, the non-adsorbed tetanus
toxoid hardly provoked any antitoxin production.
However, this may have been due, in part, to the
mouse strain used, since some strains may give a

better response. Other laboratories confirmed the
non-parallelism in mouse tests.
The need for further information was stressed by

the WHO Expert Committee on Biological Standar-
dization (1959). It was felt at that time that a more

realistic approach to the situation would be to
establish separate international standards, as had
been done for diphtheria toxoid. In 1960 the WHO
Expert Committee on Biological Standardization
asked the Rijks Instituut voor de Volksgezondheid,
Utrecht (RIV), in collaboration with the Paul
Ehrlich Institut, Frankfurt (PEI), and in consultation
with the Statens Seruminstitut, Copenhagen, to
arrange a collaborative assay as soon as a prepara-
tion proposed for an international standard for
tetanus toxoid (adsorbed) had been made (WHO
Expert Committee on Biological Standardization,
1961).

In 1962 the Expert Committee stated that collabo-
rative studies with a preparation made by the Paul
Ehrlich Institut would be arranged by the Rijks In-
stituut voor de Volksgezondheid in collaboration
with the institutes mentioned in the Annex to the
present report (WHO Expert Committee on Biologi-
cal Standardization, 1963, 1964). A total of 1 200
ampoules of the preparation chosen as a proposed
standard had been stored since January 1963 at the
Statens Seruminstitut, Copenhagen. The collabora-
tive assay was performed in 1965. The results of
some preliminary tests and of the final collaborative
assay are given in this report.

PRELIMINARY EXPERIMENTS

Some preliminary experiments were performed
with preparations lyophilized in the Paul Ehrlich
Institut (by the late Professor R. Prigge and by
Professor G. Heymann). The lyophilization was
carried out in the same way as had been done for
the preparation of the international standard for
diphtheria toxoid, adsorbed. A conventional alu-
minium-hydroxide-adsorbed tetanus toxoid was
freeze-dried after the addition of an equal volume
of guinea-pig serum. Each ampoule contained 2 ml
of this mixture (0.8 ml of toxoid containing 34 Lf,
0.2 ml of 1% AI(OH)3 suspension calculated as
A1203, and 1 ml of rabbit or guinea-pig serum;

weight of lyophilized product about 80 mg per
ampoule). The ampoules were sealed under vacuum.
Three batches were lyophilized. The first batch

(coded " Pr. 1 ") was very small and was used only for
a preliminary comparison with the existing national
standard of the Federal Republic of Germany
(Tf 107). As the result was encouraging, it was

decided to prepare a slightly larger experimental
batch (coded " Pr.2 "). Both batches Pr.1 and Pr.2
were lyophilized after the addition of rabbit serum.
Experiments in Frankfurt showed that the thermo-
stability of batch Pr.2 was not fully satisfactory.
A third batch (coded " Pr.3 ") was lyophilized with
guinea-pig serum. The final proposed standard was
a second lot of the same product, lyophilized in
exactly the same way, and it can be considered to
be identical with Pr.3.
With the experimental batch of Pr.2 ampoules,

some initial experiments in mice were performed in
comparison with the non-lyophilized Dutch refer-
ence preparation that had been in use for some

Table 1. Initial experiments with Pr.2
in comparison with Dutch reference preparation

Experiment No. of Preparation Slope b 1 /ED5o

4 x 20 Dutch 3.1 51.8

4 x 20 Dutch 2.8 54.1

RIV 4 x 20 Pr.2 2.0 30.5

92 4 x 20 Pr.2 2.4 27.4

4 x 20 Pr.2 2.9 42.8

4 x 20 Pr.2 3.3 33.7

4 x 20 Dutch 2.6 94.3

4 x 20 Dutch 4.5 78.5

RIV 4 x 20 Pr.2 2.6 47.8

93 4 x 20 Pr.2 1.7 36.7

4 x 20 Pr.2 4.0 30.4

4 x 20 Pr.2 2.0 29.4

4 x 20 Dutch 4.3 89.9

4 x 20 Dutch 4.7 83.1

RIV 4 x 20 Pr.2 2.4 51.7

94 4 x 20 Pr.2 4.4 41.5

4 x 20 Pr.2 3.0 33.4

4 x 20 Pr.2 2.5 34.9
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years (Cohen, van Ramshorst & Tasman, 1959). For
each test, four dilutions were used to immunize the
mice, 20 mice being used for each dilution. Three
experiments were carried out, each with two different
ampoules of the Dutch reference preparation and
four different ampoules of the Frankfurt batch
(Pr.2).

These experiments were performed to determine
the slope values (in mouse tests) of the reconstituted,
freeze-dried preparation Pr.3 and the Dutch (non-
lyophilized) reference preparation. Moreover, it was
important to test a sufficient number of ampoules
in order to exclude, as far as possible, differences
between ampoules. The results are summarized in
Table 1.
The ED50 values mentioned for the Frankfurt pre-

paration are based on stock dilutions of 50 mg/ml.
The experiments showed, as might be expected, that

no significant differences in the slopes of both pre-

parations or in the EDs0 values for different am-
poules of preparation Pr.2 could be observed. The
only minor irregularity in the results is in the ED50
values of the Dutch reference preparation in experi-
ment RIV 92, which appear to be slightly lower than
those in the other two experiments.

Other experiments were performed in Frankfurt
and Utrecht in order to obtain information about
the thermostability of the preparations. Accelerated
thermodegradation tests were performed with a

batch of adsorbed tetanus toxoid, lyophilized in the
Rijks Instituut voor de Volksgezondheid, and pre-

paration Pr.3. Some of the more important experi-
ments are summarized in Table 2. The potencies, as

determined in the usual way in guinea-pigs or mice
or both, are given in percentages of potency of the
preparation kept at 40C.

Table 2. Accelerated thermodegradation tests with preparations Pr.2 and Pr.3

Tie Temperatur PotencyPreparation Institute Animal Time Tmru Potnc

28 days 37 59

3 months 37 113

3 days 55 55

dried, 6 days 55 70
adsorbed
toxoid RIV mouse 14 days 55 65
RIV

28 days 55 49

3 hours 65 86

3 hours 75 63

3 hours 90 58

1 month 37 68

3 months 37 79

Pr.2 RIV mouse 14 days 56 51

1 month 56 44

1 day 65 84

6 hours 90 48

2 months 37 97

Pr.3 PEI guinea-pig 2 months 56 81

2 months room 109
temperature b

a The potencies are expressed as percentages of the potency of the unheated preparation. The results
indicate that in the RIV experiments the potencies of the unheated products were found to be slightly
too high; this is reflected in the values in the table.

b This experiment is a comparison of the potencies of preparation Pr.3 before the experiment was
started and after 2 months' storage at room temperature (220C).
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The experiments performed in the Rijks Instituut
voor de Volksgezondheid suggest that storage for
1-3 months at 37°C reduces the potency only
slightly. It is even doubtful whether there is any
significant decrease at all, since the potency after
3 months appears to be higher than after 1 month,
owing, of course, to the variability of the potency
test. There is some indication that higher tempera-
tures (650, 750, 90°C) cause a certain thermodegrada-
tion, as might be expected, but the random fluctua-
tions of the results obscure the relationship between
potency and either storage time or temperature, or
both. The fairly constant potency percentages after
different times and at different temperatures may
indicate that the test of the preparation kept at 4°C
as comparison gave slightly too high a value and that
percentages after heat treatment may, in fact, be
higher than might be deduced from the table. The
experiments performed in Frankfurt (last part of the
table), in which the potencies were measured in
guinea-pigs, were analysed by Dr I. Kruger. He
concluded that during storage for 2 months at 37°C
and 560C no significant deterioration could be
observed.
The Rijks Instituut experiment with preparation

Pr.3 has also been used to estimate the stability at
4°C using the formula K = (lIt) log [a/(a - x)]
(Jerne & Perry, 1956), where t = time in seconds,
a = initial potency, a - x = potency after t seconds.
In most cases, K is a constant value, for therrno-
degradation, which can be used to calculate the " 5%
degradation time" at much lower temperatures at
which the thermodegradation is too slow to be
measured within a reasonable time. It was calculated
in this way that the " 5% degradation time " at 4°C
is certainly more than 200 years. The experiments
proved that the thermostability could be considered
sufficient for the preparation to be used as an inter-
national standard.

THE COLLABORATIVE ASSAY

Based on the request of the WHO Expert Com-
mittee on Biological Standardization (1961), a
collaborative study was organized. Four prepara-
tions were compared:

(1) the proposed international standard for teta-
nus toxoid, adsorbed (referred to as toxoid A);

(2) the existing international standard for tetanus
toxoid (plain) (referred to as toxoid B);

(3) an arbitrarily chosen Al(OH)3-adsorbed

toxoid, obtained from Copenhagen (tetanus vaccine
VI-S, 1 mg Al/ml, 12 Lf/ml) (referred to as toxoid C);
and

(4) a local preparation to be chosen by each of the
participants, tetanus toxoid adsorbed on Al(OH)3 or
another adsorbent (referred to as toxoid D by each
participant).
The participants were left free as far as possible

to perform the tests in any way they wished. How-
ever, it was suggested that for each preparation a
number of groups (preferably 3 or more) of animals
should be immunized with different doses, followed
after some weeks by a challenge with tetanus toxin
or antitoxin titrations of the blood sera. It was
suggested that all four preparations should be com-
pared in guinea-pigs. It was also suggested that
mouse tests should be performed, but that in this
case the existing international standard (toxoid,
plain) should be omitted, since many strains of mice
cannot easily be immunized with plain toxoid. The
participants were requested tq give as many details
as possible about their tests, and for this purpose
they received special report forms.
As to the use of the existing (non-adsorbed) inter-

national standard in the assay, the following con-
sideration had to be borne in mind. If the slopes b
of the test for this preparation (B) are significantly
different from those of the adsorbed preparations
(as had been found in the past), a really valid com-
parison of B with the other preparations is not
possible. In any case, the results with the non-
adsorbed standard could be ignored if necessary.
Notwithstanding this serious objection, it was
decided to incorporate this international standard
in the guinea-pig assay for two reasons: (1) to find
out whether or not the assay would lead to the same
conclusion (i.e., non-parallelism), and (2) even if
there were a significant departure from parallelism,
to obtain a rough correlation for the relative poten-
cies of the two preparations, using guinea-pigs as
test animals.

In the collaborative assays, the differences in the
slopes were certainly not very large, so for practical
reasons this procedure has some advantage. How-
ever, the comparison may not be strictly valid fromx
both biological and statistical points of view.

RESULTS OF THE ASSAY

A survey of the test methods used in each labo-
ratory is given in Table 3 for guinea-pigs and in
Table 4 for mice.
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Four laboratories (Nos 1, 2, 4, 5) performed tests
by the challenge method in guinea-pigs as well as in
mice; one laboratory (No. 3) tested the preparation
in mice by the challenge method and in guinea-pigs
by titrating blood samples after immunization. In
one laboratory (No. 5), blood samples were taken
from the animals before they were challenged and
the pooled sera were titrated. These titres were, in
a roughly qualitative way, in agreement with the
results of the other experiments.
Another laboratory (No. 6) performed a guinea-

pig test only, which, however, differed so fundamen-
tally from the other experiments that the results
could not be used in a quantitative way and had to
be omitted from the combined evaluation. In this
laboratory, two injections of each vaccine were
given with a 4-week interval. Each dose contained
1 Lf in a volume of 0.5 ml. The blood sera were

titrated 2 weeks later, and the mean values were
9.7 IU/ml for preparation A; 31 IU/ml for prepara-
tion C; and 25.5 IU/ml for local preparation D. The
mean value for preparation B (the existing inter-

national standard) was below 1 IU/ml, five of the
10 animals having < 0.1 IU/ml.

Since, in terms of Lf, about 2.3 mg of preparation
A corresponds to 1 Lf, and 0.08 ml of preparation C
corresponds to 1 Lf, the only conclusion that can
be drawn from the test in this laboratory is that the
potency of 1 ml of preparation C is probably higher
than the potency of 30 mg of preparation A. This is
in agreement with the more quantitative results from
the other laboratories.
The experiments performed in the different labo-

ratories with the challenge method are fairly uniform.
One laboratory (No. 2) administered the challenge
dose taking the weight of the animals into account.
All other laboratories gave a constant toxin dose.
The quantity of toxin used was of the same order of
magnitude in all laboratories, but slightly larger
in the mouse tests of one laboratory (No. 1) and in
the guinea-pig tests of another laboratory (No. 5).
These differences are the same, however, for all
the preparations and, moreover, are so small that
they can be considered to have no practical impor-

Table 5. Relative potencies in guinea-pigs

Amount of preparation A (mg) per:

Labo- Experiment 1 mg or 1 ml 1 mg or 1 ml Common Standard
ratory no. 1 IU of 1 ml of of locally of locally slope b error for b

preparation B a preparation C a prepared toxoid prepared toxoid
(adsorbed) a (plain) a

1 1 1.13 73.1 2.9 2.81 0.61
(0.5-2.6) (32.4-165.3) (1.4-7.4)

2 b 4.45 35.1 5.8 2.10 0.61
(1.9-27.7) (11.6-567.6) (2.5-32.0)

3 1.95 73.3 2.2 5.86 1.58
(1.2-3.6) (45.2-113.5) (1.4-3-5)

2 1 c 0.37 201.3 93.0 0.158 2.09 0.51
(0.1-2.3) (57.2-1 866.4) (24.5-618.2) (0.03-0.91)

4 1 0.28 80.5 42.0 5.04 0.45
(0.2-0.4) (63.5-102.1) (33.0-53.2)

2 0.76 102.9 59.3 4.61 0.39
(0.6-1.0) (80.3-132.0) (46.3-76.0)

5 1 0.53 173.4 18.1 4.65 0.57
(0.4-0.8) (120.8-250.0) (12.6-26.0)

2 0.49 186.3 104.7 28.9 4.42 0.47
(0.3-0.7) (128.6-270.9) (72.2-151.6) (20.0-42.0)

3 0.76 258.4 171.4 37.3 5.75 0.70
(0.5-1.1) (185.6-361.7) (123.4-237.7) (26.8-51.7)

a Values in parentheses indicate 95 % confidence limits.
b Departure from parallelism significant at the 1 % level.
c Heterogeneity significant at the 1 % level.
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tance. The interval between the immunization and
the challenge was 3 weeks in the mouse tests and
4 weeks in the guinea-pig tests. There were differ-
ences in the volumes injected for the immunization
of guinea-pigs (not in the mouse tests) as well as for
the challenge.
The results of the statistical analysis of the chal-

lenge experiments are given in Tables 5, 6, 7, 9,
and 10. Table 5 shows the relative potencies of
preparations B (international standard, plain), C
(Copenhagen), and D (local) in terms of the pro-

posed standard A, as found in guinea-pig experiments.
In a few experiments, an additional local preparation
was included (laboratories 2 and 5), the additional
preparation being, however, in each case, a plain
toxoid. Table 6 shows the same results in the mouse
tests (without preparation B for the reasons stated
above).

In view of the expected differences in the slopes for
preparation B in comparison with the other prepa-
rations, a comparison of preparations C and D in
terms of preparation A in guinea-pig tests has also

Table 6. Relative potencies in mice

Amount of preparation A (mg) per: Standard
Laboratory Experi- Common errorment no. 1 ml of preparation ca 1mg of locally prepared slope b forb

I_______________________________________________________________I_________________________

83.1
(48.1-131.5)

457.2
(152.9-128 167.3)

234.5
(120.1-481.3)

125.7
(71.2-199.3)

174.9
(105.1-295.0)

97.8
(34.2-184.2)

206.1
(98.9-533.5)

190.5
(1 25.3-311.1)

93.5
(60.5-144.6)

140.1
(103.2-190.6)

116.8
(81.1-167.7)

86.9
(61 .2-1 21 .8)

162.8
(114.3-233.8)

94.4
(71.0-125.5)

105.2
(78.7-140.5)

1.67
(1.2-2.5)

3.93
(1.4-364.2)

3.33
(1.7-8.1)

3.03
(1.9-4.8)

3.24
(1.9-5.6)

3.08
(1.6-6.2)

67.7
(52.1-238.9)

61.8
(40.7-92.5)

326.3
(210.4-508.8)

280.2
(208.7-378.5)

51.9
(36.1-74.1)

43.4
(30.6-60.8)

192.7
(135.2-277.5)

66.2
(49.8-88.0)

108.3
(81.0-144.6)

4.05

1.82

2.43

3.48

2.65

1.74

2.80

2.15

3.13

3.82

2.80

3.27

3.65

5.58

5.39

0.63

0.77

0.52

0.64

0.45

0.41

0.50

0.26

0.35

0.36

0.32

0.40

0.41

0.71

0.67

a Values in parentheses indicate 95 % confidence limits.
b Departure from parallelism significant at the 5 % level.
c Heterogeneity significant at the 1 % level.
d Departure from parallelism significant at the 1 % level.
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Table 7. Relative potencies after excluding toxoid B from the analysis using
guinea-pigs

No. of mg of preparation A per:

Labo- Expment I mg of locally 1 mg or 1 ml of Come b errorratory no. 1 ml of C a prepared toxoid locally prepared lope for b
(adsorbed) a toxoid (plain) a

1 1 75.0 2.67 3.78 0.90
(38.4-145.7) (1.4-5.6)

2 15.2 3.91 4.74 1.16
(8.97-35.8) (2.5-7.0)

3 73.1 2.16 - 5.73 1.62
(44.1-114.7) (1.3-3.6)

2 1 166.3 83.6 0.15 2.56 0.35
(97.4-325.4) (48.8-155.6) (0.09-0.28)

4 1 80.6 42.0 5.39 0.55
(64.0-101.4) (33.3-52.9)

2 103.2 59.5 4.82 0.47
(80.9-131.7) (46.6-75.8)

5 1 173.4 - 18.1 4.51 0.64
(119.8-252.9) (12.4-26.1)

2 186.1 105,0 28.9 4.71 0.57
(129.7-267.9) (73.1-150.6) (20.2-41.6)

3 258.7 171.9 37.6 6.10 0.85
(187.2-358.9) (124.7-236.7) (27.2-51.7)

a Values in parentheses indicate 95 % confidence limits.

been attempted after excluding toxoid B. This
would give an indication of the consistency of the
comparison of preparation C with preparation A,
and at the same time provide the individual labora-
tories with an estimate of the potency of their own
preparations relative to preparation A. This evalua-
tion has been summarized in Table 7.
A comparison of Tables 5 and 7 shows that the

common slopes have a tendency to be steeper if
toxoid B (the non-adsorbed international standard)
is excluded. This was observed in 7 of 9 experiments.
Although this effect was not so pronounced in these
experiments, it is in agreement with earlier observa-
tions. While the local preparations were different
for each laboratory, the common slopes were very
similar and thus there was no evidence of biological
dissimilarity. The difference in slopes introduced by
the local plain preparations in laboratories 2 and 5
was negligible. On the other hand, the inclusion
of the local preparations added to the precision of
the assays.
The probit regressions for the toxoids taken

individually have been calculated in the statistical

departments of some individual collaborating
laboratories (guinea-pig tests of laboratories 2, 3, 4,
and 5). These data are summarized in Table 8. It
shows that in all tests the b value of preparation B
is lower than the b values of all adsorbed prepara-
tions.

Table 8. Individual slopes (b values)
for some preparations in guinea-pigs as calculated

in the laboratories participating

Laboratory no.
b values for:

2 3a 4 5b

adsorbed prepara- 3.37 2.7 4.3 6.0 4.9
tions (A, C, D)

2.43 2.6 5.5 4.1 4.8

2.68 7.4 4.9 5.3

non-adsorbed
preparation B 0.27 c 1.9 4.0 3.6 3.9

a Calculated from antitoxin titration experiment.
b Mean values of three different tests.
c Experiment with high intercurrent mortality.

5
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Table 9. ED5o values in guinea-pigs

Preparation
LaboratoryJ Experiment

no. A (mg) B (IU) C( ml) Dl (mg or ml) D2 (mg or ml)a

1 1 2.19 1.93 0.030 0.758 mg
(1.31-4.07) (1.12-3.43) (0.02-0.06) (0.40-1.32)

2 3.06 0.69 0.087 0.529 mg
(1.66-7.80) (0.20-1.26) (0.01-0.22) (0.17-0.99)

3 0.95 0.49 0.013 0.440 mg
(0.60-1.27) (0.26-0.69) (0.01-0.02) (0.27-0.59)

2 1 4.54 12.18 0.023 0.049 ml 28.7 mg
(1.62-35.91) (5.41-50.31) (0.01-0.06) (0.02-0.17) (11.6-159.6)

4 1 0.24 0.84 0.003 0.006 ml
(0.20-0.28) (0.71-1.00) (0.002-0.004) (0.005-0.007)

2 0.27 0.36 0.003 0.005 ml
(0.23-0.32) (0.30-0.42) (0.002-0.003) (0.004-0.005)

5 1 0.43 0.81 0.002 0.024 ml
(0.33-0.55) (0.63-1.05) (0.002-0.003) (0.02-0.03)

2 0.45 0.92 0.002 0.004 ml 0.016 ml
(0.35-0.58) (0.70-1.22) (0.002-0.003) (0.003-0.006) (0.01-0.02)

3 0.43 0.57 0.002 0.003 ml 0.012 ml
(0.34-0.54) (0.45-0.72) (0.001-0.002) (0.002-0.003) (0.010-0.015)

If preparation B is not included b

1 1 2.10 0.028 0.785
(1.36-3.47) (0.018-0.047) (0.47-1.25)

2 2.65 _ 0.174 0.667
(1.89-3.86) (0.085-0.267) (0.44-0.95)

3 0.94 0.013 0.437
(0.58-1.27) (0.009-0.017) (0.26-0.59)

2 1 3.69 0.022 0.044 24.0 mg
(2.36-6.68) (0.016-0.031) (0.03-0.07) (16.0-39.4)

a See Table 3.
b Results for laboratories 4 and 5 are the same as above.

In Tables 9 and 10 the ED50 values are given (in
mg, IU, or ml) for the preparations in guinea-pig
and mouse tests. There are large differences between
the ED50 values found in different laboratories for
the same preparation (between laboratories 1 and 4,
for example). This, however, may be expected, since
these absolute values are highly dependent on the
animals, the season of the year, etc. In the guinea-
pig experiments of laboratories 1 and 2 the ED5o
values of the preparations A, C, and D are con-
siderably influenced by preparation B (on account of
the calculation based on common slopes). For this

reason, the values have also been calculated after
excluding preparation B. For the other laboratories,
this influence is negligible. However, on comparing
the ranges of the ED50 values with the ranges of the
relative potencies obtained (when preparation B was
included in the analysis), it is evident that a sub-
stantial reduction has occurred in the potency ranges
of the test preparation relative to the proposed
standard when the results of all the participating
laboratories are compared. Thus, in the guinea-pig
tests the ED50 of preparation C covers an 87-fold
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Table 10. ED5o values in mice

Laboratory Experiment Preparation
Labortory no. A (mg) C (Ml) DI (mg or Ml) a

1 1 3.32 0.040 1.99 mg
(2.57-4.64) (0.03-0.07) (1.61-2.49)

2 2.29 0.005 0.584 mg
(0.25-4.96) (0.00-0.01) (0.002-1.332)

3 4.47 0.019 1.34 mg
(2.73-7.83) (0.012-0.030) (0.72-2.15)

4 3.03 0.024 1.00 mg
(2.18-4.21) (0.02-0.04) (0.72-1.39)

5 3.69 0.021 1.14 mg
(2.56-5.52) (0.02-0.03) (0.79-1.69)

6 2.43 0.025 0.79 mg
(1.40-3.84) (0.02-0.05) (0.45-1.24)

2 1 1.40 0.007 0.013 ml
(0.82-2.39) (0.003-0.012) (0.007-0.022)

2 1.51 0.008 0.024 ml
(1.14-2.03) (0.006-0.011) (0.02-0.03)

3 1 0.78 0.008 0.002 ml
(0.58-1.07) (0.006-0.011) (0.002-0.003)

2 1.01 0.007 0.004 ml
(0.82-1.26) (0.006-0.009) (0.003-0.004)

4 1 0.36 0.003 0.007 ml
(0.27-0.46) (0.002-0.004) (0.005-0.009)

2 0.18 0.002 0.004 ml
(0.14-0.23) (0.002-0.003) (0.003-0.005)

5 1 1.05 0.007 0.006 ml
(0.82-1.38) (0.005-0.008) (0.004-0.007)

2 0.51 0.005 0.008 ml
(0.41-0.62) (0.004-0.007) (0.006-0.009)

3 0.95 0.009 0.009 ml
(0.78-1.17) (0.007-0.011) (0.007-0.011)

a See Table 3.

range, while its potency relative to the proposed
standard covers only a 7-fold range. In the mouse
tests, the ED50 of preparation C covering more than
a 13-fold range is comparable with the 6-fold range
of relative potencies.

Tables 11-13 show the relative potencies after
the results of the individual assays by the challenge
method have been combined. The relative potencies
calculated in this way are as follows (the values in
parentheses are 95% confidence intervals):

I1ml of preparation C (Copenhagen) = 126.5 mg of preparation A (90.3-177.2)
(1 mg of preparation A = 0.0079 ml of preparation C)

~gunea-P'93 1 IU of preparation B (international standard, plain) = 0.66 mg of preparation A (proposed standard,
adsorbed) (0.43-1.01)

(1 mg of preparation A = 1.512 IU of preparation B)

mice J11 ml of preparation C (Copenhagen) = 129.9 mg of preparation A (110.8-152.3)
(1 mg of preparation A = 0.0077 ml of preparation C)

63



J. D. VAN RAMSHORST & T. K. SUNDARESAN

Table 11. Combination of assays;
relative potency of preparation C

with respect to preparation A in guinea-pigs*

No. of Amount of prepara- Amount of prepara-
Laboratory experi- tion A (mg) corres- tion C (ml) corres-ext- ponding to 1 ml ponding to 1 mgments of preparation C of preparation A

1 2 73.7 0.0136
(52.6-103.1) (0.0190-0.0097)

2 1 1 6 3 0.0060
(92.3-239.5) (0.0108-0.0033)

3 _ _

4 2 906 00110
(76.6-107.1) (0.0131-0.0093)

5 3 207.8 0.0048
(163.8-253.3) (0.0059-0.0039)

all laboratories 8 126 5 0.0079
combined (90.3-177.2) (0.0111-0.0056)

Results taken from assays that excluded toxoid B.

Table 12. Combination of assays;
relative potency of preparation C

with respect to preparation A in mice *

No. Amount of prepara- Amount of prepara-
No. of tion A (mg) corres- tion C (ml) corres-Laboratory exper ponding to 1 ml ponding to 1 mg
ments of preparation C of preparation A

1 6 135.4 0.0074
(106.5-172.3) (0.0058-0.0094)

2 2 195.8 0.0051
(136.2-281.4) (0.0036-0.0073)

3 2 122.4 0.0082
(95.3-157.3) (0.0064-0.0105)

4 2 99.9 0.0100
(77.9-128.0) (0.0078-0.0128)

5 3 112.1 0.0089
(94.1 -133.5) (0.0075-0.0106)

all laboratories 15 129.9 0.0077
combined (110.8-152.2) (0.0066-0.0090)

* Results taken from assays that excluded toxoid B.

There appears to be a very close correspondence
between the results of the guinea-pig tests and the
mouse tests when the two adsorbed preparations A
and C are compared. The comparison of preparation
A with the existing standard toxoid, plain (B) suggests
that the unitage of preparation A may be defined
as 1.5 IU/mg.
As stated above, laboratory No. 3 performed

guinea-pig tests by means of antitoxin titrations of
the individual blood sera after immunization with
different doses of preparations A, B, and C, and
the local preparations D. This assay was not

Table 13. Combination of assays;
relative potency of preparation B
with reference to preparation A

No. of Amount of prepara- Amount of prepara-
Laboratory experi- tion A (mg) corres- tion B (IU) corres-

ments ponding to 1 U ponding tol1 mg
of preparation B of preparation A

1 2 1.67 0.601
(1.12-2.47) (0.405-0.891) a

2 1 0.37 2.68
(0.11-1.24) (0.81-8.90)

3 --

4 2 0.46 2.19
(0.38-0.54) (1.84-2.61)

5 3 0.59 1.69
(0.48-0.73) (1.37-2.07)

all laboratories 8 0.66 1.51
combined (0.43-1.01) (0.99-2.31)

a Experiment 2 of laboratory 1 is excluded because it gave
heterogeneous results.

included when the combination of assays was
evaluated, but was analysed separately (see Table 14).
The results are very close to those from the other
experiments, although there was a significant depar-
ture from parallelism. For the sake of comparison,
the results from the mortality experiments are also
presented in this table. The non-parallelism was
found to be due to the inclusion of toxoid B. If
preparation B is excluded, slightly different relative
potenties for C/A and D/A are found, as can be
seen in the table. The result of the antitoxin titra-
tion test (C/A = 135.1) is very close to that of the
mortality test (C/A = 126.5).

Based on the results mentioned above, preparation
A was established by the WHO Expert Committee
on Biological Standardization (1966) as the inter-
national standard for tetanus toxoid (adsorbed).
The international unit was defined by the WHO
Expert Committee on Biological Standardization
(1967) as the activity contained in 0.6667 mg of the
international standard for tetanus toxoid (adsorbed).

DISCUSSION

Generally speaking, there is a reasonable agree-
ment between the tests. The differences observed in
some cases may be due to less favourable experi-
mental conditions, such as small animal groups
and/or less suitably chosen vaccine dilutions, which
resulted in extremely wide confidence intervals
(e.g., in mouse experiment no. 1, laboratory no. 2,
Table 6). Significant X2 values for heterogeneity
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Table 14. Results of antitoxin titration test (laboratory no. 3) in comparison
with results from other laboratories based on mortality of guinea-pigs

Relative potency
Toxoids (mg of preparation A Results when toxoid B Data from mortality
compared corresponding to 1 IU was not included experimentsof preparation B or 1ml waIo nlde xeiet

of preparations C or D)

B/A 0.715 0.661
(0.440-0.924) a (0.432-1.01)

C/A 141.6 135.1 126.5
(109.6-183.0) (109.7-166.3) (90.3-177.2)

D/A b 242.6 215.1
(182.2-322.9) (170.5-271.2)

a Values in parentheses are 95 % confidence intervals. b Toxoid D = DPT + AI(OH)3 (see Table 3).

observed in some experiments were probably due to
heterogeneous animal material. This factor appears
to play a role chiefly if non-inbred animals of indeter-
minate origin are used (cf., Tables 3 and 4). This
factor may also cause significant X2 values for paral-
lelism (Tables 5 and 6). These facts stress once more
the importance in standardization experiments of
using groups of animals that are not too small and
the need for homogeneity in their breed. In this
series, the number of experiments where the X2 value
for heterogeneity was significant, or where the depar-
ture from parallelism was significant, was rather low.
The fundamental problems in the comparison of

adsorbed and non-adsorbed preparations have been
mentioned above. The assay as a whole confirmed
the earlier observations that the slopes of the log-
response lines differ, although the differences in
guinea-pigs are not very conspicuous. The non-
adsorbed preparation was not used in mouse tests in
this collaborative assay, but previous experiments
have shown that the differences are much more
important in mice. In this respect, a statement of
Dr N. K. Jerne (personal communication, 1958) may
be quoted:

" As soon as it has been proved that the lines are not
parallel in mice, the guinea-pig assays also become invalid
even if there is parallelism in guinea-pigs, because the
mouse assays will then have shown that we are dealing
with two differently acting preparations which cannot
validly be compared in terms of the same unit of potency
by any method of assay."

This means, first, that the comparison of prepara-
tions A and B, as has been done in this assay, is
fundamentally inappropriate. However, it is con-
sidered that the procedure followed did provide a
practical basis for defining the unitage of the

adsorbed preparation. The non-parallelism in
comparisons of adsorbed and non-adsorbed toxoids
is more important when considering the validity of
comparison of different preparations of adsorbed
toxoids with the standard. If there exists a funda-
mental difference between non-adsorbed and ad-
sorbed vaccines, there must be a field of variation
between both types, e.g., if the concentration of
adsorbent is very low or if an unusual ratio exists be-
tween toxoid concentration and adsorbent concentra-
tion. This situation has indeed been found to exist in
a series of experiments performed in the Rijks Insti-
tuut voor de Volksgezondheid (Bilthoven laboratory).
These considerations may even lead to the ques-

tion whether or not an adsorbed standard prepara-
tion is justified. In practice, however, the situation is
different and certainly less negative. Adsorbed pre-
parations are used all over the world and there is a
need for a potency standard, as well as for minimum
requirements that must be based on the final ad-
sorbed product. The vaccines that are produced
and used routinely in various countries usually have
a composition within rather narrow limits of antigen
content and adsorbent content, and these prepara-
tions, if compared in assays, will not show significant
slope differences. In fact, there is a wide zone within
which there is no practical objection against a com-
parison with the proposed international standard.
Only if preparations that differ greatly from the
usual type of vaccine are tested could this compari-
son be criticized.

In such cases, e.g. for vaccines with an entirely
different type of adjuvant or differing clearly in
another way from the usual kinds of aluminium-
adsorbed toxoid, it will be necessary to perform a
test for parallelism first, especially if mice are used.
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RtSUMt
TITRAGE COLLECTIF D'UNE PREPARATION PROPOSEE COMME ETALON INTERNATIONAL

D'ANATOXINE TETANIQUE (ADSORBEE)

Conformement aux decisions du Comit6 OMS d'ex-
perts de la Standardisation biologique, on a organise un
titrage comparatif afin de d6finir un etalon international
d'anatoxine tetanique (adsorb&e). Six laboratoires, dans
dans six pays, y ont particip6. L'Institut Paul Ehrlich de
Francfort-sur-le-Main (Republique f6derale d'Allemagne)
a fourni a cet effet une pr6paration lyophilisee d'anatoxine
t6tanique adsorb&e. Des essais preliminaires n'ont revel6
aucune diff6rence importante d'activite entre diverses
ampoules de cette preparation dont la thermostabilite a
par ailleurs et6 v6rifi6e.
On a eu recours aux 6preuves sur le cobaye et la souris

pour comparer la preparation proposee comme 6talon
(anatoxine A) avec l'anatoxine simple constituant l'etalon
international actuel (anatoxine B), une anatoxine adsorb6e
choisie arbitrairement (anatoxine C) et une pr6paration
locale d'anatoxine (anatoxine D) par laboratoire. En raison
des variations de son pouvoir immunogene chez la souris,
la pr6paration B n'a pas et6 eprouvee sur cet animal.

Les titrages comparatifs sur le cobaye ont montre que
l'activit6 de 1 mg d'anatoxine A 6quivalait a I'activit6 de
1,5 UI de 1'etalon actuel. Cette 6quivalence, accept6e pour
des raisons pratiques, doit cependant etre consider6e
comme tres approximative, les courbes dose-reponse des
deux preparations n'6tant pas paralleles.

Lors de la comparaison entre les anatoxines adsorb6es,
on a relev6 une correlation etroite entre les resultats
des epreuves effectuees sur le cobaye et sur la souris.
Chez le cobaye, 1 ml d'anatoxine C correspondait a 126,5
mg d'anatoxine A, et chez la souris, a 129,9 mg
d'anatoxine A.

Sur la base de ces donn&es, le Comit6 OMS d'experts
de la Standardisation biologique (1966) a constitue la
preparation A en etalon international d'anatoxine t6ta-
nique (adsorbee). En 1967, l'unite internationale d'ana-
toxine tetanique (adsorbee) a ete d6finie comme I'activite
de 0,6667 mg de l'6talon international.
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