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An international standard for staphylococcus antitoxin a was adopted
in 1934 by the Permanent Commission on Biological Standardization of
the League of Nations, following the report by Hartley & Llewellyn Smith.3
This standard antitoxin, which is required for assaying staphylococcal
toxins and toxoids, has given satisfactory results, although, in certain cases,
the titre of the same sample of staphylococcus antitoxin was observed to
vary with the method of titration employed for comparison with the inter-
national antitoxin.

Research carried out by Llewellyn Smith 8 has furnished an explanation
of these discrepancies and has led to the production of a new international
standard for antitoxin ac containing 20 units per ml., and with which the
titration of toxins, antitoxins and toxoids can be carried out with great
precision.9

We consider, however, that the estimation of the toxic titre in terms
of partial haemolysis - from 20 % to 50 % - as recommended by several
foreign laboratories,7 is not completely satisfactory, as the titre may be
difficult to read; for our part we prefer to use N6lis' method,4 in which
only total haemolysis is taken into account.

An even greater difference is to be noted in the methods of assaying
and testing staphylococcus toxoid.

For example, in the USA and the United Kingdom, the antigenic
potency of the toxoid is tested solely in terms of its immunizing properties
in animals (rabbits in the USA, and guinea-pigs in the United Kingdom).

In France, although, here too, the toxoid is tested with a view to deter-
mining its immunizing potency, its combining power with the specific
antitoxin is also invariably determined, according to the procedure recom-
mended by Ramon & Richou.5

We prepare an average of 150 litres per month of staphylococcus toxoid,
for use in human and veterinary therapy. Antigenic potency is assessed
by the following methods:

1. Animal tests

Each batch of toxoid is injected into a series of 10 guinea-pigs, in two
subcutaneous injections of 1 ml., separated by an interval of one month.
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The serum taken from each animal one week after the last injection should
contain at least 1 antitoxin unit per ml.

As a further check, certain batches are injected into three rabbits lacking
natural immunity, in doses of 1, 2 and 4 ml. at four-day intervals. Blood
samples taken one week after the last injection should show on the average
a minimum of 3 units per ml. of serum.

Since 1934, when we had the opportunity of following up some thousands
of patients treated with staphylococcus toxoid (see in particular Bocage
& Mercier 1) we have been able to appraise the very close connexion be-
tween the immunizing power of the toxoid for man and its antigenic potency
as measured by its combining power.

2. Combining power
In order to determine the combining power, a quantity of antitoxin,

corresponding to 2 antitoxin units, is divided among a series of haemolysis
tubes, 1 ml. per tube. Graduated quantities of the toxoid to be tested
are then added (0.07, 0.10, 0.12, 0.15 ml.). The contents of each tube
are brought up to 2 ml. by adding normal saline. After shaking, the tubes
are left for 20 minutes at laboratory temperature. One drop (0.05 ml.)
of rabbit red cells, washed three times and diluted 1 in 3, is then added,
followed by a quantity of toxin slightly less than the combined haemolytic
dose (for example 0.10 ml. for a toxin of which the combined haemolytic
dose is 0.11 ml.). After re-shaking, the tube is incubated for one hour
at 370 C. A reading is taken one hour after removing the tube from the
incubator. The combining power is expressed in terms of the smallest
amount of toxoid which will cause complete haemolysis in the system of
mixtures prepared in this way. Only those toxoids of which the combin-
ing power is equal to or less than 0.15 ml. and of which the immunizing
properties are as described above are retained as being effective.

Why do we consider it necessary for estimations, in vitro and in vivo,
to be made conjointly for the same batch of toxoid? The answer is that
each method has its advantages and its disadvantages.

To determine the immunizing powers of toxoid in animals is a long
and costly process; further, marked differences are noted not only from
one animal species to another but also among animals of the same species.
In this respect, rabbits are the best animals to choose, but at present they
are rare and expensive.

The relationship between combining power and immunizing potency
in man is generally satisfactory. Nevertheless, we have occasionally
noticed cases of zone phenomenon: haemolysis occurring first, not in a
mixture with the highest toxoid content, but in one with a lower content.
On very rare occasions, we also noticed a double haemolytic zone.
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Flocculation should be a standard method for determining the antigenic
potency of toxoid, as it is convenient and relatively accurate. But although
this method is easy to use for the titration of " crude" toxoid, the results
obtained with antigen purified by trichloracetic acid are less definite and
slower to appear. The flocculi are extremely fine and appear only after
3 or 4 days (water-bath at 520 C.).

Moreover, certain batches of toxoid prepared from Nelis' strain No. 72
seem to produce greater antitoxic immunity in man than other batches
with a similar flocculating potency, and obtained from Wood's strain.
Perhaps this is only a coincidence; the considerable individual differences
in both men and animals, whatever antigen is injected, should be borne
in mind.

In any case, the estimation of the antigenic potency of the toxoid by the
immunization of guinea-pigs and rabbits, and by its combining power,
shows that these methods are excellent indications of its immunizing powers
in man.

Checking methods are much more uniform in the various laboratories
where staphylococcus toxoid is prepared. We have concentrated on the
following methods:

Apart from being tested for sterility by inoculation on agar, in broth
and on Veillon medium, the toxoid should not show the slightest haemo-
lytic activity. In order to test the latter, the antigen is divided among
three haemolysis tubes, 2 ml. per tube, both undiluted and diluted 1 in 3
and 1 in 10 in normal saline. One drop of rabbit red cells, washed
three times and diluted 1 in 3, is then added to each tube. After shaking,
the mixtures are incubated at 370 C. for one hour and a reading is taken
one hour after they have been removed from the incubator. No hae-
molysis whatever should be noted in any of the three tubes.

The disappearance of skin-necrotic activity is tested by injecting the
toxoid which is being tested into a rabbit lacking in natural immunity,
and shaved on both flanks at least 48 hours beforehand. In one flank an
intradermal injection of 1 ml. is made, and in the other a subcutaneous
injection of4 ml. The animal is kept under observation for 6 days and must
show no sign of oedema, still less of necrosis. Finally, the toxoid under
test is injected intravenously (2 ml. per kg. body-weight) into two more
rabbits lacking natural immunity to the same batch of toxoid. To prove
that the lethal power has disappeared, the animals must not succumb
earlier than the fourth day.

The tests described are, in our opinion, sufficient to permit the safe
distribution of a batch of toxoid, and, in fact, the millions of injections
carried out in France with this antigen have not produced dangerous
reactions when the practitioner has followed the dosage and precautions
which we have given elsewhere.'
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Finally, on the basis of a fairly long experience, we believe that the
antigenic potency of a toxoid can be tested with precision when measured
both by its combining power and by its immunizing properties, and it is
our hope that an international agreement will define the requirements
to which staphylococcus toxoid should conform. Such an agreement was
suggested in 1934 by Fraser at the meeting in Copenhagen of the Permanent
Commission on Biological Standardization.2
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