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Preparation and Assay of the International Standards
for Clostridium botulinum Types A, B, C, D and E

Antitoxins
ERNEST J. BOWMER, M.C., MD. 1,2

The National Institute for Medical Research, London, was authorized in 1962 by the
WHO Expert Committee on Biological Standardization to establish the International
Standards for Clostridium botulinum Types A, B, C, D and E Antitoxins and to define
the International Units. For this purpose use was made of the material accepted in 1954 as
the British reference preparations and reconstituted in 1960 for establishment as the first
British standards.

The author describes the methods ofpreparation of this material and results ofexamina-
tions, including estimates of the quality ofthe antitoxins (assessed as an " efficiency ratio")
and of the specificity of the sera.

The International Unit is defined as the specific activity contained in a known weight
of dried antitoxin of each Cl. botulinum type: for Type A, 0.1360 mg; for Type B, 0.1740
mg ;,for Type C, 0.0800 mg; for Type D, 0.0121 mg; andfor Type E, 0.0691 mg.

Standard preparations of the antitoxins for
Clostridium botulinum Types A, B, C, D and E are
required for estimating the potency of therapeutic
antitoxins and for identifying recently isolated
toxigenic strains of Cl. botulinum.
The first standardized preparations of Cl. botu-

linum antitoxins for Types A, B and C were made in
the United States of America by Bengtson (1921,
1924), who determined the amount of each anti-
toxin, which, when mixed with 100 MLD of the
corresponding toxin, would delay the death of a
250-g guinea-pig for 96 hours; she designated this
quantity of antitoxin as 0.1 unit. Because of their
low potency, these antitoxins were not adopted as
international standards.
Some years ago, antitoxins for Cl. botulinum

Types A, B, C, D and E were prepared at the Micro-
biological Research Establishment, Porton, England,
by Dr J. Keppie and the author. Suitable antitoxins

1 Lieutenant-Colonel, Royal Army Medical Corps,
Microbiological Research Establishment, Porton, Wilts.,
England: Present address: Director, Division of Labora-
tories, Department of Health Services and Hospital In-
surance, Vancouver 9, B.C., Canada.

2 With the technical assistance of K. Allner.

were freeze-dried in ampoules and served as British
reference preparations from 1954 to 1960 (Bowmer,
1962). Since it was considered that these antitoxins
might also be suitable to serve as international
standards, a detailed examination of their properties
was undertaken. The first part of this report
describes these examinations.

In 1960 at the National Institute for Medical
Research, London, a number of ampoules of each
of the five British reference preparations were
pooled according to types, diluted and distributed
into 1-ml aliquots and again freeze-dried. Details
of this redistribution are given in the second part of
this report. These ampoules were then established
in 1960 as the first British standards; the definition
of British units was calculated to be equivalent to
the units previously ascribed to the British reference
preparations. Following a small international
study, the WHO Expert Committee on Biological
Standardization (1963) authorized the National
Institute for Medical Research to establish the
International Standards on the basis of these first
British standards and to define the International
Units.
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BRITISH REFERENCE PREPARATIONS

MATERIALS AND METHODS

Buffer
Gelatin-phosphate buffer, the diluent for toxins

and antitoxins, was prepared by dissolving 0.2%
gelatin and 1.0% disodium hydrogen phosphate in
water, adjusting the pH to 6.6 and autoclaving at
15 pounds per square inch (1.05 kg/cm2) for 20
minutes.

Strains used

Type A, strain 4587.
Type B, strain Beans.
Type C, strain Cid, a subculture of 178c (Mason

& Robinson, 1935) provided by Dr M. Sterne.
Type D, strain D6f, a subculture of the type

strain (Theiler et al., 1927; Meyer & Gunnison,
1928, 1929) provided by Dr M. Sterne.
Type E, strain Nanaimo (Dolman & Kerr, 1947),

provided by Dr C. E. Dolman.

Toxin and toxoid production
Details on the production of toxins and toxoids

are given in the Annex and Table 6.

Toxicity tests

The toxicity of culture filtrates was estimated by
mouse toxicity tests. Aliquots of 0.5 ml of five
twofold serial dilutions in gelatin-phosphate buffer
were injected intraperitoneally into groups of four
mice. The end-point was based on death or survival
on the fourth day after injection. Toxicity of the
filtrate was estimated by interpolation. The yield of
toxin, in intraperitoneal mouse LD50 per ml was:

for Type A, 1 x 108; for Type B, 5 x 105; for
Type C, 5 x 105; for Type D, 1 x 106; and for
Type E, 4 x 103 (see Table 6 below).

Preparation of antitoxic sera

Antitoxic sera were prepared by immunizing
horses in three stages: (a) primary stimulation,
consisting of two intramuscular injections of formol
toxoid at an interval of four weeks; (b) a prolonged
resting period of at least two months following
primary stimulation (Barr & Glenny, 1945); and
(c) hyperimmunization, with a series of intra-
muscular injections twice weekly for at least four
weeks.

For the preparation of Types A and B antitoxins,
only one horse was immunized against each toxin;
each horse received two doses of formol toxoid as
primary stimulation and increasing doses of formol
toxoid during the course of hyperimmunization.
For the preparation of Types C, D and E anti-

toxins, six horses were immunized against each
toxin to overcome individual differences in response
to antigenic stimulation (Barr & Glenny, 1949); as
primary stimulation, the Types C and D horses
received two, and the Type E horses three, small
doses of aluminium phosphate precipitated formol
toxoid; following the resting period each of the
horses received increasing doses of formol toxoid,
formol toxoid mixed with increasing volumes of
toxic culture filtrate and, finally, 150 ml of undiluted
toxic culture filtrate.
During the last week of hyperimmunization the

horse in each group with the best antitoxin response
was selected for serum production. Three bleedings
of 8 litres each were collected over a period of eight
days. The three sera from each horse were Seitz-
filtered, pooled and tested aerobically and anaero-
bically for sterility.
Each of the five selected unpreserved pooled sera

was dispensed with grade A burettes in 5.0-ml
volumes in 120 1-ounce (28.4-ml) glass ampoules
which were then freeze-dried as a batch and, on
reaching constant weight, filled twice with dry nitro-
gen, sealed and stored in the dark at 0°C. To ensure
that the sera had been accurately dispensed, the
dried contents of a random sample of the ampoules
from each batch were weighed and the mean weight,
standard deviation and coefficient of variation
calculated (Hartley, 1936). In 1954 these antitoxins
were accepted as British reference preparations.

Assay procedures

The British reference preparations were examined
by the following sequence of procedures (Hartley,
1945).

1. The toxicity in LD50 per ml of each test toxin
was determined by intraperitoneal injection of mice.

2. The test dose in ml of each test toxin wa
determined by assay in mice, using varying dose
of toxin and a constant dose of antitoxin.
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3. The potency of each antitoxin was determined
by assay in mice, using varying doses of antitoxin
and the predetermined test dose of toxin.

4. The value of the unit of each antitoxin was
established by probit analysis of the results of assay
(Finney, 1952), with adjustment if necessary.

5. The potency of the preliminary antitoxin solu-
tion was compared with that of freshly reconstituted
antitoxin by comparative potency assay.

6. The quality of each type of antitoxin was
measured by determining the test doses of toxin at
three widely separated levels of test.

7. The specificity of each type of antitoxin was
determined by assay in mice, using varying com-
binations of the five toxins and antitoxins.

Reagents for assays in mice

Diluent. The diluent used for antitoxins and
toxins was gelatin-phosphate buffer.

Antitoxin. Concentrated antitoxin solutions were
prepared by dissolving the whole dried contents of
one ampoule in one volume of sterile physiological
saline solution and adding two volumes of sterile
neutral glycerol (Hartley, 1945). For use in assays,
concentrated antitoxins were diluted with gelatin-
phosphate buffer to contain precisely 5 units per ml
for the L+ level 1 of test, 0.5 units per ml for the
L+/10 level and 0.05 units per ml for the L+/100
level.

Toxin. Type A toxin, ABA 31, was supplied by
Dr M. Sterne as a glycerinated solution with a
toxicity of 2.5 x 106 mouse LD50 per ml. Type B
toxin, BBX 35, also supplied by Dr Sterne as a
glycerinated solution, had a toxicity of 12 x 106
mouse LD50 per ml. Glycerinated toxins of Types C,
D and E had toxicities respectively of 6 x 105,
6 x 105 and 2.4 x 102 mouse LD50 per ml, but were
unstable. Hence toxins of these three types were
used as freshly prepared solutions in gelatin-
phosphate buffer, containing approximately 5 L+
doses per ml (Types C and D) and 5 L+/100 doses
per ml (Type E).

I The term " level of test " indicates the concentration
of toxin and antitoxin in a series of toxin-antitoxin complexes
and the relationship of this concentration to the standard
antitoxin. By definition, one L+ dose of toxin is that
quantity of toxin which, when mixed with 1.0 unit of standard
antitoxin, will kill 50% of a group of test animals on the
fourth day after injection; one L+ /10 dose of toxin produces
a similar effect when mixed with 0.1 unit and one L+/100
dose with 0.01 unit (Bowmer, 1962).

The test animals were white Swiss mice of the
Webster strain weighing between 18 g and 22 g each
and randomized for each assay by age and sex.
The recommended levels of test for assay were:

for Type A, L+ 10; for Types B, C and D, L+; and
for Type E, L+/100.2

Assay in mice

For each five-point 100-mouse assay, five toxin-
antitoxin mixtures were prepared each containing
40 mouse doses of toxin and 40 mouse doses of
antitoxin in a total volume of 20 ml. Volumes of
reagents for a typical potency assay were as follows:

Reagents Tubes
V W X Y Z

Diluent .... . 4.4 4.2 4.0 3.8 3.6
Antitoxin . .. . 7.6 7.8 8.0 8.2 8.4
Toxin . .... . 8.0 8.0 8.0 8.0 8.0

The reagents in each of the five tubes were shaken
thoroughly, allowed to stand at room temperature
for two hours, and injected intraperitoneally into
mice. Each one of a group of 20 mice was injected
with 0.5 ml of one of the toxin-antitoxin mixtures.
The mice were observed daily for signs of botulism;
the end-point of the assay was based on death or
survival on the fourth morning after injection. The
results of each assay were submitted to probit
analysis (Finney, 1952) and dilutions for subsequent
assays were based on these calculations, with adjust-
ment if necessary.

Probit analysis
The experimental results of each assay were

submitted to probit analysis (Finney, 1952); the
(log-dose antitoxin) -(probit-survival) regression line
was calculated; and several characteristics of the
line were deduced, including:

" b ", the slope of the log10 dose-probit regression
line, and

" V(b) ", the variance of the slope.

Quality
To measure the quality or avidity of each anti-

toxin, the test dose of each toxin was determined
in mice at three widely separated levels of test:

2 For Type E, this was in terms of the larger unit, as
used before 1963.
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L+, L+/10 and L+/100 for Types A, B, C and D;
L+/20, L+/100 and L+/1000 for Type E. The
quality of each antitoxin was expressed in terms of
the " efficiency ratio "; i.e., the ratio of the test dose
of a toxin at the more concentrated level of test to
the test dose at the more dilute level, corrected for
the dilution factor. Antitoxin of good quality neu-

tralizes proportional amounts of the corresponding
toxin at all levels of test regardless of the dilution;
antitoxin which is not avid dissociates from the
antigen in high dilution. Thus the efficiency ratio
of avid antitoxin is unity, but the efficiency ratio of
antitoxins of poor quality is greater than unity.

Specificity

Monospecific antitoxin protects mice against the
corresponding toxin only. Mason & Robinson
(1935) showed that Types A and B antitoxins were

monospecific, that Type C antitoxin contained three
components, Cl, C2 and a small amount of D, and
that Type D antitoxin contained chiefly Type D but
also a small quantity of the C fraction.
To determine the specificity of each antitoxin,

assays were performed in mice, using all appropriate
mixtures of the antitoxins and toxins of Types A, B,
C, D and E.

TABLE I

CHARACTERISTICS OF BRITISH REFERENCE PREPARATIONS (1954) OF ANTITOXINS FOR CL. BOTULINUM
TYPES A, B, C, D AND Ea

Antitoxin type

AA B C D E

Mean total solids per ampoule (mg) 563.1 488.9 469.7 441.6 533.9

Value of unit (mg) 0.139 0.181 0.0824 0.0118 0.712

Recommended level of test L+/10 L+ L+ L+ L+/100

L+ I0L+ 1.5 1.2 1.02 4.4 6 b
10

Efficiency L+ 110L+ 9.0 6.8 1.62 8.0 0.77 b
ratios 10 I 100

0L+I 10L+ 13.5 8.2 1.65 35.0 0.73 b

L+ 66 86± 8.4 4735C 15.65 c

V(b): 40.82 V(b): 8.53

49.68 d 19.43 d
V(b): 80.9 V(b): 6.46

b (=slope of
regression line L+/10 53± 69 65±calculated standard L/0 5±69 6

deviation) -

L+/100 43 19.34 c
V(b): 6.70

V(b): 54.6

a Ampoules contained the dried products of 5.0 ml of horse serum. These were later reconstituted and distributed in smaller
volumes to form the first British standards.

bLevels for Type E: 20 / L+ 1+/ 1°000 '

CWith glycerinated test toxins; V(b) = Variance of slope (b).
d With freshly prepared toxin.
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TABLE 2. POTENCY ASSAYS OF BRITISH REFERENCE PREPARATIONS OF
CL. BOTULINUM ANTITOXINS

Percentage
Type Toxin Level of test No. of assays Antitoxin units surcivots

A Glycerinated L+/10 7 0.0950 37
0.0975 50
0.1000 79
0.1025 89
0.1050 93

B Glycerinated L+ 8 0.950 12
0.975 28
1.000 65
1.025 88
1.050 97

C Fresh L+ 2 0.96 15
0.98 20
1.00 43
1.02 73
1.04 90

D Fresh L+ 2 0.883 0
0.940 30
1.000 43
1.064 58
1.132 85

E Fresh L+/100 a 3 0.00950 10
0.00975 47
0.01000 67
0.01025 93
0.01050 97

a In terms of old British unit.

Typing
The method devised for using these antitoxins in

typing toxigenic strains of Cl. botulinum will be
reported elsewhere.

RESULTS

The results of examination of the five antitoxins
are presented in Table 1. Individual results for each
type are also provided in Table 2.

T'he specificity of each antiserum was examined,
sometimes at several levels of test (Table 3). In those
instances where some cross-neutralization was noted
(i.e., in antitoxins of Types C, D and E) it was also
found that the antitoxins were in effect monospecific
at the recommended levels of test.

This would not necessarily be so should a more specific
antitoxin be assayed with test toxin containing excess of
heterologous toxic factor.

TABLE 3

SPECIFICITY OF CL. BOTULINUM ANTITOXINS AS
SHOWN BY CROSS-NEUTRALIZATION TESTS

Antitoxin Units Protected against Failed to protectAtypexi per toxin of type against 10 mousetye mouse I shown LDs@ of toxin of
~~~type shown

A 5 B, C, D, E
B 5 _ A, C, D, E

Ca 1 D 10 LDso A, B, E
10 D 1000 LDso A, B, E
40 E 10 LDso A, B

D a 1 _ A, B, C, E
50 C 1000 LDso A, B
50 E 100 LDso A, B

E a I D 10 LDso A,B, C
5 D 1000 LDso A, B, C

a Show no cross-neutralization at recommended levels of
test (see Table 1).
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THE INTERNATIONAL STANDARDS

The antitoxins ampouled at Porton were accepted
in 1954 as British reference preparations. In 1960-61
100 ampoules of each type were pooled at the
Department of Biological Standards, National
Institute for Medical Research, Mill Hill, London.
The pools were diluted, redistributed into aliquots
of 1 ml and again freeze-dried. Details of this
dilution and redistribution are given in Table 4, in
which the calculated units per ampoule are also
recorded. The resulting materials were established
in 1960 as the first British standards.

TABLE 4
DETAILS OF REDISTRIBUTION OF BRITISH REFERENCE

PREPARATIONS OF ANTITOXINS IN 1960-61

No. of ampoules Diluted with Units per 1-mi
of British ref- Units per distilled ampoule ofYP erence prepara- ampoule ate ll to final product
tions used (calculated)

A 100 4050 810 ml 500

B 100 2700 540 ml 500

C 100 5 700 570 ml 1 000

D 100 37 500 3 750 ml 1 000

E 100 750 750 ml oob

a These pools were distributed in volumes of 1 ml.
b One ampoule of the International Standard for Cl. botu-

linum Type E Antitoxin was defined in 1962 as containing
1000 IU.

On the basis (a) of the studies described above of
the materials constituting the British reference pre-
parations, and (b) of an international study in five
laboratories of the first British standards,' a number
of ampoules of the first British standards were
accepted in 1962 as suitable to serve as the Inter-
national Standards for Clostridium botulinum Types
A, B, C, D and E Antitoxins.
When these materials were established as inter-

national standards, the unitage per ampoule accepted
by the WHO Expert Committee on Biological
Standardization (1963) was 500 for Type A, 500 for
Type B, 1000 for Type C-and 1000 for Type D. At
the suggestion of Russian collaborators, it was
decided to define each ampoule of Type E to contain
1000 International Units instead of the 100 units ori-
ginally proposed.

' Unpublished working document WHO/BS/582.

Further details of the materials accepted as inter-
national standards are given in Table 5.
The water contents were measured by opening the

ampoules and dehydrating the contents in situ for a
period of five hours at 56°C and a pressure of less
than 0.05 mm Hg in a vacuum-drying pistol. The
percentage water contents were estimated to be
for Type A, 0.59%; for Type B, 1.3%; for Type C,
0.91 %; for Type D, 4.8%; and for Type E, 0.97%.
It is considered that these figures are satisfactory,
and that the high value for Type D is virtually all
accounted for by the rapid uptake of water on
exposure to air, as noted in the next paragraph.
An estimate was made of the rate at which

opened ampoules of the standards gained water,
when held at a temperature of 20°C and a relative
humidity of between 35% and 55%. There was a
progressive gain over the period of observation,
which lasted for 16 hours. The percentage gain at
seven minutes was, for Type A, 0.9 %; for Type B,
0.5%; for Type C, 0.6%; for Type D, 5%; and for
Type E, 1 %.

ESTABLISHMENT OF INTERNATIONAL STANDARDS
AND DEFINITION OF INTERNATIONAL UNITS

In accordance with the authority given by the
WHO Expert Committee on Biological Standardiza-
tion (1963), the National Institute for Medical
Research established these five preparations as the
International Standards for Clostridium botulinum
Types A, B, C, D and E Antitoxins, and defined
the International Units.

1. One International Unit of Clostridium botu-
linum Type A Antitoxin is defined as the specific
activity contained in 0.1360 mg of the standard
preparation.

2. One International Unit of Clostridium botu-
linum Type B Antitoxin is defined as the specific
activity contained in 0.1740 mg of the standard
preparation.

3. One International Unit of Clostridium botu-
linum Type C Antitoxin is defined as the specific
activity contained in 0.0800 mg of the standard
preparation.

4. One International Unit of Clostridium botu-
linum Type D Antitoxin is defined as the specific
activity contained in 0.0121 mg of the standard
preparation.
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TABLE 5
CHARACTERISTICS OF INTERNATIONAL STANDARDS FOR CL. BOTULINUM

TYPES A, B, C, D AND E ANTITOXINS a

Antitoxin type

A [B C D E

Mean total solids per ampoule (mg) 68.0 87.0 80.0 12.1 69.1

Mean water contents (%) 0.59 1.26 0.91 4.8 0.97

International Units per ampoule 500 500 1 000 1 000 1 000

Value of International Unit (mg) 0.1360 0.1740 0.0800 0.0121 0.0691

Recommended level of test L+/10 L+ L+ L+ L+/10 b

a Measurements were made on batches of six ampoules of each type.
b One ampoule of the International Standard for Cl. botulinum Type E Antitoxin was defined

in 1962 as containing 1000 IU, instead of 100 units as had been used previously for the British
standard. The recommended level of test for type E is L+/10 in terms of the (new) International
Unit.

5. One International Unit of Clostridium botu-
linum Type E Antitoxin is defined as the specific
activity contained in 0.0691 mg of the standard
preparation.

These International Standards are held and
distributed by the International Laboratory for
Biological Standards, Statens Seruminstitut, Copen-
hagen, Denmark.

Annex

DETAILS OF PRODUCTION OF TOXINS AND TOXOIDS

Stock cultures of the five toxigenic strains used were
prepared in Robertson's cooked meat broth containing
ox muscle with tryptic digest meat broth. After incuba-
tion for 48 hours at 350C (at 28oC for Type E) stock cul-
tures were stored in the dark at 0°C or freeze-dried.

Basic media for bulk toxin production

Types A and B. The medium was prepared by dissolving
25.0% (w/v) tryptic digest of casein and 10.0% (w/v)
yeast extract in water (Gladstone & Fildes, 1940). With
pH adjusted to 7.6 the medium was dispensed in volumes
of about 950 ml in I-litre bottles and autoclaved at
15 p.s.i. (1.05 kg/cm2) for 20 minutes.

Types C, D and E. The medium selected was the com-
steep liquor medium recommended by Sterne & Wentzel
(1950). Crude corn-steep liquor, containing approxim-
ately 50% total solids, was diluted with tap water to
contain 3 %-5% total solids and the pH adjusted to 8.8
with 40% sodium hydroxide. After boiling and filtering,
the pH was readjusted to 7.2 and tap water added to
restore the original volume; the medium was dispensed
in volumes of about 950 ml in 1-litre bottles and auto-
claved at 15 p.s.i. (1.05 kg/cm2) for 15 minutes.

Bulk toxin production
The inoculum for bulk toxin production was prepared

in two stages. In the first stage, a 1-ounce (28.4-mi) screw-
capped bottle of cooked meat broth was boiled and
allowed to cool; 0.5% glucose was added; the medium
was inoculated with either cooked meat broth culture
or dried culture, and incubated for 24 hours at 35°C
for Types A, B and C; for 48 hours in an anaerobic jar
for Type D; and for 24 hours at 28°C for Type E. In the
second stage, this culture was transferred to 1-litre bottles
containing cooked meat broth and incubated overnight
at 35°C (28°C for type E).
A batch of 1-litre bottles of the appropriate basic medi-

um was autoclaved and allowed to cool; the necessary
sterile reagents recorded in Table 6 were added; a volume
of 20 ml of the " seed " culture was inoculated deeply
into each bottle (Lewis & Hill, 1947); and the batch for
bulk toxin production was incubated for the period and
at the temperature recorded in Table 6.

Further treatment of toxic cultures
Toxic cultures were treated to produce toxic filtrates,

dried toxins, glycerinated toxins, toxoids, and alum-
precipitated toxoids.
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TABLE 6

CONDITIONS OF GROWTH AND MOUSE TOXICITY OF CULTURES OF CL. BOTULINUM TYPES A, B, C, D AND E

Sterile additions (ml) to each litre Temperature Time of 1Toxin yield
Type Basic of incubation incubation (intraperitoneal

and strain medium Calcilum chlo- 'Glucose Glycerol (C(dy) jmouse LDso
ride 10%ai 50% 50% ys) per ml)

A 4587 Casein and yeastb - 20 - 35 3 1 x 106

B Beans Casein and yeastb - 20 - 35 3 5 x 10'

C Cid Corn-steep liquorC 10 10 - 35 6 5 x 10'

D D6f Corn-steep liquor c 10 10 10 35 6 1 x 106

E Nanaimo Corn-steep liquorC 10 10 - 28 6 4 x 10'

a Type D cultures failed to grow in the absence of added calcium (Wentzel & Sterne, 1946; Poison & Sterne, 1946).
b Refer to Gladstone & Fildes (1940).
c Refer to Sterne & Wentzel (1950).

Toxic filtrates
Toxic cultures were clarified through pulped filter-

paper in Buchner funnels and filtered through Berkefeld
filters. The resulting toxic filtrates were found to remain
stable, retaining their mouse-toxicity and their antitoxin-
combining power for long periods, if stored in the dark
at 0'C.

Dried toxins

Test toxins of Types C, D and E were prepared by
treating toxic culture filtrates with 75% (w/v) ammonium
sulfate; the resulting surface scum was collected, dried
in a desiccator over phosphorus pentoxide, ground to a

fine powder in a mortar with a pestle, ampouled in
suitable quantities and stored in the dark at 0°C.

Glycerinated toxins

Types A and B test toxins were prepared by mixing
toxic culture filtrate with an equal volume of sterile
neutral glycerol.

In the early stages of this work, Types C, D and E test
toxins were prepared by dissolving a weighed amount
of dried toxin in a measured volume of gelatin-phosphate
buffer and adding twice that volume of sterile neutral
glycerol. When it was discovered that the mouse-

toxicity of glycerol-preserved Types C and E toxins
decreased on storage, fresh test toxins of Types C, D and E
were prepared immediately before each assay. A weighed
amount of dried toxin was dissolved in a measured
volume of gelatin-phosphate buffer to produce a solution
containing approximately five test doses per ml.

Toxoids

For the preparation of toxoids, toxic cultures were
treated in two stages to ensure clarification and detoxffica-

tion (Nigg et al., 1947; Rice, Pallister et al., 1947; Rice,
Smith et al., 1947).
Clarification. Commercial formalin (40% formaldehyde)
was added to each 1-litre bottle of culture to a concentra-
tion of 0.4% for Types A and B, 0.3% for Types C and D,
and 0.2% for Type E. After standing for two days at room
temperature, cultures were clarified by filtration through
pulped filter-paper.
Detoxification. After the addition of further formalin
(0.4% for Type A, 0.2% for Types B, C and D, and 0.1 %
for Type E), the pH was adjusted to between 5.6 and 5.8
and the treated cultures were incubated at 370 C for
3-4 weeks to render them non-toxic to mice (1.0 ml intra-
peritoneally into each of two mice) and guinea-pigs
(5 ml subcutaneously). If the test animals survived, the
non-toxic " formol toxoid" was filtered through Berke-
feld candles, preserved with a surface layer of toluol and
stored in the dark at 0°C.

Alum-precipitated toxoids

Toxoids were precipitated by adding potassium alum
and allowing the precipitate to develop overnight at 0°C.
Satisfactory precipitates of Types A, B, C and E toxoids
were produced with a final concentration of 0.5% alum,
but TypeD toxoid failed to precipitate with this treatment.
Equal parts of double-strength tryptic meat broth and
Type D toxoid were therefore mixed and alum, to a final
concentration of 1.0 %, added; this produced a fine
floccular precipitate after standing overnight at 0'C.
Aluminium phosphate adsorbed toxoid was prepared

from Types C, D and E formol toxoids, using equal
parts of fluid toxoid at pH 5.8, physiological saline, and
aluminium phosphate solution containing 10 mg per ml
(Holt, 1950).
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RtSUMt

Le but de ces recherches etait de savoir si les serums
antitoxiques de cheval contre les types A, B, C, D et E
de toxines de Clostridium botulinum prepares et lyophilises,
choisis en 1951 comme Preparation britannique de r6f6-
rence pouvaient etre utilises comme Preparation inter-
nationale de reference.

Les methodes de preparation, ainsi que les methodes
et les r6sultats des analyses sont decrits, y compris l'eva-
luation de la qualite des antitoxines (designes sous le
nom de " rapport d'efficacite") et la specificite des
serums.

Les antitoxines de types A et B se comportent comme
des serums monospecifiques. Bien que dans certaines
conditions experimentales les antitoxines de types C, D
et E ne soient pas specifiques de type, ils sont mono-
specifiques aux taux recommandes pour le test. Une

observation originale est celle de 1'existence d'antigenes
communs aux types C et D d'une part, E d'autre part.
En 1960-1961 les Preparations britanniques de ref6rence

ont et redissoutes, dilu&es, distribu&es en lots de 1 ml
et lyophilisees a l'Institut national de la Recherche
m6dicale, Mill Hill, Londres. Des ampoules contenant ces
produits ont e agr66es par le Comit6 OMS d'experts de
la Standardisation biologique en 1962; ces antitoxines ont
ete choisies comme les premiers etalons intemationaux
d'antitoxines antibotuliniques de types A, B, C, D et E.

L'unite internationale de chaque type est d6finie comme
l'activit6 sp6cifique contenue dans une quantite d'anti-
toxine dessech6e. Ces quantites sont pour le type A:
0,1360 mg; pour le type B: 0,1740 mg; pour le type C:
0,0800 mg; pour le-type D: 0,0121 mg et pour le type E:
0,0691 mg.
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