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SYNOPSIS

An examination is made of the arguments for and against
measuring the agglutinating potency of standard antisera in terms
of " units " instead of in terms of serum " titre ".

A number of international standard preparations of antiserum are in the
course of being established for use in bacterial agglutination reactions.'
Agglutination reactions are traditionally measured in terms of serum
titre, but the application of a measure of this kind to standard agglutinating
antisera raises some difficulties which are best solved by adopting for these
standards the measurement of potency in terms of " units ".

Units of antitoxic potency have been in use for many years in connexion
with the various international antitoxin standards. The concept of " unit
potency" is so unfamiliar among those who work with agglutination, that
it is worth while examining in some detail the arguments for and against
such notation.

Function of Standard Reagents in Agglutination Tests

The agglutinating power of a serum is commonly and usefully expressed
as the reciprocal of the highest dilution producing a given degree of agglu-
tination of bacteria or red blood-cells: that is, as the " titre" of the serum.
If, in the course of an investigation, the titres of different sera are to be
measured, the conditions of the agglutination test and the agglutinability
of the test suspension must be kept constant ; otherwise titres are not
directly comparable. Within one laboratory, it is relatively easy to achieve
the necessary constancy of technique and reagents by testing the sera

1 See World Health Organization, Expert Committee on Biological Standardization (1954) Wld Hlth
Org. techn. Rep. Ser. 86.
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simultaneously and in parallel; and when this is done, it may be assumed
that the ratio of titres is a true measure of the ratio of agglutinating potencies.
Thus, a serum with a titre of 256 has four times the agglutinating potency
of a serum with a titre of 64, and so forth.

However, a change in quality or in concentration in the agglutinating
suspension, and changes in the temperature and time of incubation, in
diluting fluids, etc., will alter the agglutination titre. As a result, unless
similar suspensions and similar techniques are known to have been used,
the numerical results of serological investigations by different workers,
made perhaps at different times and in different countries, cannot be com-
pared with any confidence.

Uniformity in these matters is achieved in two ways: first, by carefully
specifying the conditions of the agglutination test, and, secondly, by pro-
viding standardized preparations of agglutinating suspensions. The standard
suspensions may be used directly in diagnostic agglutination tests, or as a
reference preparation against which a laboratory's own test suspension is
standardized.
A standard agglutinating suspension is not easily made. The strain of

bacterium from which it is made may vary, and, even when everything
is done to keep the strain constant, the agglutinability of successive batches
of suspension made from it may vary with the methods of cultivation and
the culture media employed. The difficulty of preparing a succession of
similar standard suspensions may be avoided to some extent by making
a large batch of a master standard, designed to last for some time. This
is practicable, however, only if the stability of the agglutinating suspension
can be relied on for long periods of time, or if the bacteria in the standard
suspension can be preserved in the dry state and regain their initial agglutin-
ability, both qualitatively and quantitatively, on re-suspension.

Though in certain cases stable agglutinating suspensions can no doubt
be made, and can serve as reference preparations for standardizing other
agglutinating suspensions, it is simpler to ensure the uniformity of aggluti-
nating suspensions by establishing, not a standard antigen, but a standard
antiserum, against which the quality of successive batches of agglutinating
suspensions may be checked. In adopting this roundabout method, advan-
tage is taken ofover halfa century's experience in the preservation of standard
antisera of various kinds, which has shown that dried preparations of
serum antibodies, kept in the cold and dark, preserve their potency indefi-
nitely, and can readily be reconstituted with water to form a homogeneous
solution.

Suspensions standardized in terms of the standard antiserum are clearly
necessary in tests that measure the agglutinin content of a serum-as in the
diagnostic agglutination test for enteric fevers or for brucellosis. The
foregoing paragraphs summarize in general terms the problem of standard-
izing diagnostic agglutination tests. The detailed problem with respect to
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Salmonella antisera has been fully discussed by Felix & Gardner2 and by
Felix.3 The need for standard antisera in this field has been recognized by
the World Health Organization, which has already adopted a standard serum
for Brucella abortus agglutination, as well as a provisional standard serum
for Vi and 0 agglutination of Salmonella typhi,4 and a number of other sera
for the flagellar and somatic agglutination of typhoid and paratyphoid
bacilli are in preparation. Antisera for the Proteus X strains are also in
preparation. Blood-grouping antisera are entirely analogous; serum
standards are already established, and the anti-C, anti-D, and anti-E
sera are in preparation.

Before considering the notation of potency, it should be noted that a
standard antiserum can serve as a point of reference not only in diagnostic
agglutination tests, but also in another important application of such tests,
namely, the identification of antigens.

The essence of such tests is the specificity of the agglutinin for the
surface antigens of the relevant bacteria or red blood-cells. It is not,
however, sufficient to make a simple test, recorded as positive or negative
agglutination with the standard serum, because specificity among related
groups of bacteria or red blood-cells is not simply qualitative but is quan-
titative as well. To take a simple case, it is not sufficient, in identifying
the unknown bacterium as X, to say that it is agglutinated by anti-X serum.
Anti-X serum may also agglutinate related bacteria, though to a lower
titre, so that identification as X depends on " agglutination to titre " with
an anti-X serum. The identity of the bacterium may of course be established
with greater certainty by further tests with adsorbed, monospecific sera.
However, with both unadsorbed and adsorbed sera, it must be emphasized
that potency, as well as specificity of agglutination, constitutes an essential
part of the definition of a standard antiserum used in an identity test.

Establishment of Antiserum Standards

If then it is agreed that, for given species of bacterium, uniformity of
diagnostic agglutinating suspensions and of antisera for the identification
of bacteria is best achieved by the- provision of a standard agglutinating
antiserum, there remain the technical problems of preparing an acceptable
standard, and the formal problem of giving it a numerical measure of
potency. As regards preparation, a batch of antiserum which has been
examined by interested workers throughout the world, and accepted as
reflecting the antigenic surface of the bacterium in question, is distributed

2Felix, A. & Gardner, A. D. (1937) Bull. Hlth Org. L.o.N. 6, 223
3Felix, A. (1950) Bull. Wid Hlth Org. 2, 643
4 See World Health Organization, Expert Committee on Biological Standardization (1953) Wld Hlth

Org. techn. Rep. Ser. 68, 9, 10.
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in known volumes into a large number of ampoules, and freeze-dried.
The ampoules are filled with dry nitrogen, sealed, and preserved at -1I0 C
in the dark. This is the standard preparation. For use, it is reconstituted
with water to its original volume.

Agglutinating Potency of the Standard

How is the potency of the standard antiserum to be expressed ? At the
outset it must be remembered that, though the factor under consideration is
that of agglutinating potency, the argument developed in the following
paragraphs for the unit notation is in essentials equally valid for any other
measure of agglutinin-content, such as the amount of antibody nitrogen
adsorbed to a given amount of bacterial suspension. Even when examination
is restricted to the phenomenon of agglutination, a large variety of tech-
niques may be used, from the traditional twofold dilution method, in which
macroscopic agglutination is observed after a period of incubation, to
refined photo-electric measures of agglutinating velocity. These various
techniques, when applied to a specimen of antiserum, would yield a wide
range of titres. It would therefore be either misleading or useless to specify
potency by the bare statement of titre.

One of two courses may be followed: (1) to retain titre as the measure of
potency, and try to specify the conditions under which the stated titre will
be obtained ; or (2) to devise a potency measure which is as far as possible
independent of the method of test.

Course 1: Potency as titre in specified circumstances
The titre of the standard is fixed at, say, 1,000, and a technique is specified

which will in fact yield the answer 1,000 when the standard is used. The
specification of the test presumably includes a description of the volumes
of the reagents, the size of the test-tubes, the type and temperature of the
bath, the period of incubation, the method of recognizing and recording
the degrees of agglutination, and their interpretation in terms of titre. Such
a specification can be made, and has been made, for many agglutination
tests (see, for example, Felix & Gardner 2). There is no doubt that with a
high degree of uniformity in these matters, results which for practical
purposes could be regarded as identical would in theory be obtained in tests
of the same reagents performed in a number of independent laboratories.

The objection that the specification of the test in such detail would
impose upon laboratories an intolerable degree of uniformity of procedure,
apparatus, and even personnel, though it is practically important, might be
countered by stressing the real advantages of having measures of agglutinin-
content that could be reproduced by all users of the standard antiserum.
But what is, perhaps, the most important single factor (after the potency
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of the antiserum) upon which the titre depends-namely, the agglutinability
of the bacterial suspension used-has been left out of the list of specifica-
tions. To keep this factor constant, either a standard suspension must be
supplied for use with the standard antiserum, or the method of preparing
the test suspension must be carefully specified. Any standard suspension
issued would have to be characterized in terms of the standard antiserum;
and so would any suspension made by the laboratory for its own use accord-
ing to a specification. In other words, in order to ensure the exact conditions
under which the standard antiserum will have a titre of, say, 1,000, the
agglutinability of the bacterial suspension must be adjusted in accordance
with results obtained by titrating it against the standard antiserum. But,
since this preliminary test cannot be specified without standardizing the
suspension, in demanding the preliminary standardization of one of the
things to be standardized, one is committed to the absurdity of a circular
argument.

It may be objected at this point that the logical impasse is not absolute,
because it is possible to standardize a suspension independently of the
standard antiserum. This is so, but in a final analysis this independent
standard suspension would prove to be dependent on the antiserum standard.
One might. for example, define the standard suspension as made from the
fully S form of bacterium X held in a given collection of type cultures, and,
having made a large stable batch from this strain, issue it for checking the
performance of the standard antiserum. But if two successive samples of
this standard suspension appeared to be behaving differently, the ultimate
proof of the difference would be in the different agglutinability by a standard
antiserum ; so that here again the reagent used for defining the potency of
the antiserum is itself checked in terms of that potency.

One part of the conclusion from the analysis of this first alternative-
namely, that it is impracticable to express potency in terms of " titre under
specified circumstances" because the required precision of specification
cannot be obtained-is common to a large number of biological assays, in
which the reagents are " biological " in the sense that they cannot be specified
in terms of chemistry and physics (see, for example, Miles 5). The second
part of the conclusion, that it is logically impossible to do so, arises from
the fact that agglutinins and surface antigens are complementary in a
physicochemical sense, their complementariness determining the specificity
of the antigen-antibody reaction. It follows that they are complementary
in a logical sense also, since one is partly defined in terms of the other and
vice versa. This being so, the standard antiserum, among those workers
who have accepted it as a common standard of reference, is the starting
point for definitions both of quality and potency of other antisera, and of
quality and agglutinability of all agglutinating suspensions ; and its potency

5 Miles, A. A. (1949) Bull. Wld Hltk Org. 2, 205
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cannot be specified in terms depending on the technique of any one agglu-
tination test.

Course 2: Unit potency
The designation of agglutinating potency in a way that is independent

of the method of test is most simply achieved in " unit " notation. Units of
potency have been in general use for biological standards for many years,
particularly with serum standards such as diphtheria and tetanus antitoxin.
A unit is defined as the specific activity of a given weight of the standard
preparation. For, say, an antityphoid 0 agglutinating serum, the unit
would be the agglutinating potency of x grams of the standard preparation,
against the 0 form of S. typhi.

The advantages of this system may be illustrated by some hypothetical
examples. By the method of laboratory A, using its own particular sus-
pension, the titre of a standard antiserum solution containing 100 units
might be 200 ; in laboratory B, 2,000 ; and in laboratory C, 2,500;
according to the sensitivity of the test in routine use. But all three titres
would be expressions of a standard agglutinating potency of 100 units.
If four agglutinating suspensions were tested against the standard, where
laboratory A got titres of 200, 200, 300, and 500, laboratory B would
get 2,000, 2,000, 3,000, and 5,000, and laboratory C would get 2,500,
2,500, 3,750, and 6,250; that is to say, independently of the test and the
laboratory, the proportionate agglutinability of the four suspensions would
be 1 :1:1.5 : 2.5.

If the three laboratories were to make a survey of serum agglutinin
levels obtaining in a certain bacterial disease of the local population,
laboratory A might find an average titre of 10,000 in recovered patients,
laboratory B an average of 2,000, and laboratory C an average of 100. The
standard antiserum of 100 units per ml might give titres respectively of 500,
300, and 100 with the suspensions in routine use for these tests in each labo-
ratory. In terms of the standard, therefore, the average serum titres per ml
in the recovered cases investigated by laboratories A, B, and C would be

10,000 x 100 2,000 x 100 10Ox 100
500 = 2,000 units; -- 300 667 units; and --100 =100

units. Now these figures-2,000, 667, and 100-are directly comparable
as measures of the average agglutinin level in the three populations, and
the variation imposed by the different sensitivities of the respective routine
tests are largely eliminated.

The validity of this argument, of course, depends on the assumption that
the different agglutination tests vary only quantitatively in sensitivity, and
that they are not qualitatively different. This assumption may not be
justified. For example, where agglutination depends on two antibodies,
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x and y, specific for antigen X and Y, a deficiency of the X antigen in the
test suspension may result in a low titre of the standard antiserum, if it
happens to contain predominantly x antibody ; whereas the titre of an
unknown antiserum with which it is compared, if this antiserum happens
to contain predominantly antibody y, will be proportionately much greater.

The possible falsity of the assumption that techniques vary only quanti-
tatively in sensitivity does not, however, affect the main argument, because
comparison is being made between the validity of direct measures of potency
such as " titre in specified conditions " and measures in terms of unit potency;
and these qualitative variations in sensitivity will affect both equally. That
is to say, heterogeneity of the antigen-antibody systems determining agglu-
tination will invalidate comparisons either of "titres " or of unit potencies.
Of the two, the expression of potency in units is to be preferred because it
ensures that errors due to differences in the techniques of assay will be
measurable in terms of a common, material standard.

Size of the Unit of Potency

The unitage of an international standard antiserum is arbitrarily fixed
by world-wide agreement. It may have any value, but it is as well to choose
a value that is numerically convenient. For example, when the anti-A
blood-grouping serum standard was tested by various laboratories, the
titre obtained in 12 tests lay between 128 and 512, most of them being
256 (Miles 6). The unitage of the anti-A serum was accordingly fixed at
256 per ml, because a serum of this unitage would, in the usual kind of
titration of a antibody in current use, have an agglutinin titre of 256.

The acceptance of unit notation for the potency of a standard antiserum
does not necessarily mean that it must be generally applied in medical or
veterinary practice. The potency of the standard must be so expressed;
but for a given laboratory, or wider research group, or a nation, the practice
of designating potency of test antisera, or of diagnostic serum levels in
natural infection, in terms of titre by specified tests (perhaps with local
standard suspension or antisera) need not be disturbed. To make these
results so obtained directly comparable with those obtained by other
workers, all that is necessary is to determine, and state, the relation of the
titres to those obtained with the master standard.

It may be asked, why, if care is taken to relate the results by a given
technique to the activity of an international standard preparation in this
way, there is any need to introduce units at all. Would it not be sufficient
to introduce the reconstituted standard serum into the comparative series
of titrations, and record that it reached a titre of x, thus providing a refer-

6 Miles, A. A. (1950) Bull. Wld Hlth Org. 3, 301
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ence point for other workers making similar tests in parallel with the
standard in which they would obtain the titre y, for direct comparison
with x ? It would; but in doing so, the unit notation is not eliminated.
The unit is still there, but in an inconvenient and covert form. The volume
of the standard serum in the ampoule has now become the unit of potency.
Numerically speaking, it is a highly inconvenient unit; because, if the
serum is reasonably active, the agglutinating activity measured-namely,
the end-point-will reside in a small fraction of the ampoule (thus the
ampoule of the anti-A blood-grouping serum standard contains 1 ml of
serum, and 1/256 ml has the required activity), and those referring to the
titre of the standard will, in effect, be talking of awkward fractional amounts
of the contents of the standard ampoule. In other words, instead of con-
venient units that are expressed in round numbers, and are independent of
the method of titration, one has fractions of units such as 1/2,560 or 1/6,000;
and not only are these inconvenient numbers, but they will vary in value
with the method of titration.

Conclusions

Diagnostic agglutination tests cannot be properly standardized without
the aid of standard agglutinating suspensions and standard agglutinating
antisera; and specific antibacterial sera used for the identification of bacteria
cannot be properly specified without the aid of standard agglutinating
sera.

Since the potency of standard antisera can be preserved so much more
readily than the sensitivity of standard bacterial suspensions, and since it
is possible to specify an agglutinating suspension in terms of an antiserum,
the most convenient master standard for an agglutinating system involving
a given bacterium is the standard antiserum.

The potency of a standard antiserum expressed as a titre is not an
unequivocal indication of the agglutinating potency unless the conditions
of the test can not only be specified but also reproduced with exactitude.
It is sometimes impracticable to specify the agglutinating suspensions used
without ultimate reference to a standard antiserum. This leads to a logical
impasse whereby the potency of the standard antiserum cannot be expressed
without reference to a standard agglutinating suspension, which in turn
cannot be standardized without reference to the standard antiserum.

The difficulties are avoided if the agglutinating potency of the standard
antiserum is expressed in units. The unit of agglutinating potency has no
necessary connexion with any particular method of titrating agglutinins.
It is the specific activity of an agreed, arbitrarily decided, weight of a dried
preparation of the standard antiserum.
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RItSUME

Divers serums-etalons intemationaux sont en preparation, en vue de la standardisa-
tion des reactions d'agglutination de diverses bacteries. Le pouvoir agglutinant d'un
serum est exprime generalement par un #<titre *, c'est-A-dire par la r6ciproque de la
dilution du serum la plus elev6e qui produit un degre donne d'agglutination dans une
suspension de bacteries ou de globules rouges. Cette expression de l'activite agglutinante
n'est pas sans contenir certains elements d'ambigult6, car, pour que l'expression du titre
soit rigoureusement exacte et puisse servir de reference valable, il faudrait que l'epreuve
soit effectuee dans des conditions sp&ifiees pouvant etre reproduites avec exactitude.
Or, il est difficile de definir une suspension agglutinable par d'autres caracteres que
par reference A un serum agglutinant correspondant. On aboutit ainsi a un cercle vicieux:
l'activite d'un serum agglutinant doit etre definie par rapport a une suspension agglutinable
satisfaisant A certaines exigences qui ne peuvent etre v6rifiees que par rapport A un serum
agglutinant.

Pour lever cette difficulte, l'auteur propose que l'activite agglutinante d'un serum
soit exprimee, non plus en # titre >, mais en < unites > - comme c'est le cas pour les
serums antitoxiques. L'unit6 d'activite agglutinante serait independante de la methode
de titrage de l'agglutinine. Cette unite correspondrait a l'activite specifique d'une certaine
quantite, fixee arbitrairement par accord international, d'une preparation de serum
etalon desseche.


