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SYNOPSIS

In field trials on the eradication of brucellosis from dairy herds
in Great Britain, which began in 1933, a serum standard of reference
was used for the examination of agglutinating suspensions prepared
in different laboratories. In 1937, the Office International des
Epizooties (OIE) adopted this standard and made recommendations
for its use internationally. These recommendations were revised by
OIE in 1948, by the Third Inter-American Congress on Brucellosis and
by the Joint FAO/WHO Expert Panel on Brucellosis in 1950, and
again by the latter body in 1952. A new batch equivalent in potency
to the original standard was established by the WHO Expert
Committee on Biological Standardization in 1952 as the Inter-
national Standard for Anti-Brucella abortus Serum.

The International Standard, or a national standard of equivalent
potency, ensures comparability of the titres obtained in different
countries by different methods, and the results of such comparisons
can be expressed in a simple manner by describing the titres in
terms of International Units of Brucella antibody.

Establishment of International Standard

In 1933, when an experimental field trial on the eradication of
brucellosis from dairy herds in Great Britain was begun under the
auspices of the Agricultural Research Council, London, it became necessary
to have some standard of reference for examination of the test agglutinating
suspensions prepared by different co-operating laboratories, and it was
decided to dry a sufficient quantity of a natural bovine serum of suitable
antibody content in view of the proved suitability of sera for use as standards
and their superior keeping qualities as compared with antigens. Accord-
ingly, ampoules, each containing 2.5 ml of a bovine serum with a titre of
1/480 with the method then in use, were dried to constant weight in vacuo
over phosphorus pentoxide and sealed after filling with dry nitrogen.5 (The
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author is indebted to Sir Percival Hartley (Medical Research Council,
London) for his help in this respect.) It soon became clear that, even when
the same strain and agreed methods and bacterial contents were used, the
test suspensions prepared in different laboratories could vary in such a way
that titres with the same serum varied twofold and more. Subsequently,
all test agglutinating suspensions were prepared in one place and standard-
ized to uniform agglutinability with the help of the dried serum so that,
with an agreed method of setting up the tests, all test results should be
comparable irrespective of time or place.
A little later, the author was asked to present a paper on brucellosis to

the Office International des Epizooties (OIE). In the light of experience in
Great Britain it seemed useful to make a comparison of the test methods
used in a number of different countries. The co-operation of workers in
Austria, Belgium, Denmark, France, Germany, Norway, and the USA was
obtained and their test agglutination suspensions and methods were used to
test the British Standard dried serum and fifty natural bovine sera of differ-
ent titres. Jt became clear that there was great diversity in the agglutinating
suspensions, methods, and diagnostic criteria employed in different countries.
These differences reached eightfold in regard to the bacterial content of
the suspensions, twofold or more in regard to the agglutinability of the
bacteria themselves, and, in conjunction with those in the methods of
setting up the tests, led to differences up to five times in the titres obtained
(Stableforth 4) Recognizing these differences, OIE adopted the British
dried serum in 1937 as its Standard, and recommended its use for establish-
ing an " index of agglutinability " of the test suspensions employed in
each country, and the trial of an agglutination constant which meant a
minimum positive diagnostic titre of one-fourteenth of the titre obtained
when the standard serum was tested with the suspensions and methods of
the country concerned. Many countries requested samples of the standard
serum, and a number of papers were published on the subject, reference
to which will be found in the report indicated above.6 But as a result of
the second World War, nothing further was done by OIE until 1948.

In 1948, OIE took up the matter again and passed the following resolu-
tion: 1

"I1 est necessaire d'uniformiser la methode et l'interpretation des resultats fournis
par 1'epreuve de I'agglutination, notamment en ce qui concerne les animaux exportes.
L'Office international des Epizooties a deja approuve l'utilisation d'un serum standard
desseche comme etalon international. L'agglutination sera reconnue positive lorsque
le taux minimum obtenu avec les methodes propres a chaque pays sera compris entre le
1/10 et le 1/12 du titre obtenu au moyen du serum standard." a

a " Standardization of method and interpretation of results of the agglutination test is required, parti-
cularly with regard to exported animals. The Office International des Epizooties has already approved the
use of a standard dried serum as the International Standard. Agglutination will be accepted as positive when
the minimum titre obtained by the methods of each country concerned is between one-tenth and one-twelfth
of the titre obtained with the standard serum."
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This confirmed the resolution of 1937 in respect of the use of the standard
dried serum, but altered the minimum positive titre for the diagnosis of
bovine brucellosis from one-fourteenth of the titre obtained when the
serum was tested with the suspensions and methods of the country concerned
to " between one-tenth and one-twelfth"; in other words, the test was made
slightly less severe and more in consonance with practice in those countries
in which experience of the agglutination test as a basis for removal of
infected animals was greatest. Examination of the current position in 1949 6

showed that out of 26 countries which had co-operated by exchange of
materials and data, 16 had tests which were of the severity recommended
by OIE and 6 others had tests of nearly the same severity, while 4 had tests
which were considerably less or more severe. In 4 other countries the tests
appeared to be of similar severity, but subsidiary tests were used in such a
way as to make it difficult to be sure exactly what importance was attached
to a given agglutination titre.

The same standard dried serum was also adopted by the Third Inter-
American Congress on Brucellosis (held under the joint auspices of the Inter-
American Committee on Brucellosis, the United States Committee on Brucel-
losis of the National Research Council, and the Pan American Sanitary
Bureau) and by the Joint FAO/WHO Expert Panel on Brucellosis at their
meetings in Washington in November 1950; 11 both of these bodies, recog-
nizing that differences also existed in regard to tests for brucellosis in
humans and in animals other than bovines, made recommendations based
on its use as a standard.

In 1951,7 the WHO Expert Committee on Biological Standardization
decided to establish its own standard for Anti-Brucella abortus Serum;
the serum was to be equivalent in potency to the existing OIE standard. The
Ministry of Agriculture and Fisheries Veterinary Laboratory, Weybridge,
England, was asked to prepare a batch of 1,000 ampoules, each containing
1 ml, and to distribute samples to interested medical workers for opinions
about the suitability of this standard in the diagnosis of human infections.
It was not considered necessary at this stage to obtain further veterinary
opinions. The batch was duly prepared, and after examination of the reports
on its suitability, it was established as the International Standard for
Anti-Brucella abortus Serum at the sixth session of the committee, held in
October 1952.8 The International Unit is contained in 0.091 mg of the
International Standard (see page 6 of the committee's seventh report 9).

Meanwhile, the Joint FAO/WHO Expert Committee on Brucellosis at
its second session, held in Florence in October 1952,10 had made further
use of the Standard by agreeing to the following resolutions:

Human beings (page 7): " The Committee agreed that, in cases of all kinds, extreme
caution should be used in interpreting titres of less than one-tenth of the titre obtained
when the methods and antigens concerned are used to test the International Standard
Anti-Brucella abortus Serum."
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Goats (page 14): " If one animal in a herd shows a blood titre of one-tenth of the
titre obtained when the method and antigen concerned are used to test the International
Standard Anti-Brucella abortus Serum (or a higher titre), the animal should be regarded
as infected ; and all other animals in the herd which show any titre whatever should also
be considered as infected."

Pigs (page 16) : " If any animal in a herd shows a blood titre of one-tenth of the titre
obtained when the method and antigen concerned are used to test the International
Standard Anti-Brucella abortus Serum (or a higher titre), the whole herd should be regarded
as an infected unit."

Availability of the Standard
The International Standard Serum is available to national laboratories

for the characterization of their own methods of test.b It is not intended as a
routine positive control serum but for periodic check, and it is recommended
that each country should designate one laboratory (or at most two, one
medical and one veterinary) to be responsible for the standardization of
tests within that country and for the establishment of a national standard
serum. A method of preparation of such a substandard is described in
the monograph on the WHO/FAO Seminar on Zoonoses, held in Vienna
in November 1952.2

Methods of Use of the Standard and Purposes for Which it Can be Employed

Agglutination test
The national laboratory concerned obtains an ampoule of the Inter-

national Standard and, after reconstitution, tests it with its own suspension
and methods. Preliminary or pilot tests are first made to find the approxi-
mate titre ; these are followed by quintuplicate tests with closely spaced
dilutions of serum around the expected end-point (for example, 1/640,
1/800, 1/960, 1/1,120, 1/1,280 ; or 1/500, 1/600, 1/700,1/800,1/900, 1/1,000,
if the titre in the pilot test is in these ranges) in order to determine as
exactly as possible the serum dilution at which 50% agglutination is
obtained. This degree of accuracy is of course impracticable in routine
tests, but is necessary when the methods of one country are being character-
ized in terms of an international standard.

It will have been noted that the recommendations of OIE, the Third
Inter-American Congress, and the Joint FAO/WHO Expert Committee on
Brucellosis regarding diagnostic titres for various species have each been
expressed as a fraction of the titre obtained when the International Standard
serum is tested by the methods of the country concerned; this is in order
that the recommended titres shall always mean the same antibody content
irrespective of the country or of the method of test used.

b The International Standard for Anti-Brucella abortus Serum can be obtained from the Statens Serum-
institut, Copenhagen, Denmark, or the Ministry of Agriculture and Fisheries Veterinary Laboratory, Wey-
bridge, England. It is supplied in ampoules containing 1,000 International Units each.
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Any country, therefore, which wishes to adopt these criteria must
first find the titre of the International Standard Serum, as outlined above,
and then take the appropriate fraction. For example, if the titre with the
International Standard is 1/1,000, then the FAO/WHO committee's 1952
recommendation with regard to " Human beings " implies that extreme
caution should be used in interpreting titres of less than 1/100 (i.e., one-tenth
of the above-mentioned 1/1,000 titre) ; and in the same way, with regard to
" Bovines ", the 1948 OIE recommendation implies that the agglutination
will be recognized as positive when the titre is 1/100 or over, or 1/80 or over,
according to the decision of the country concerned to take one-tenth or one-
twelfth of the titre obtained with the International Standard Serum. In
another country in which a different method is used, and in which the titre
with the International Standard is known to be 1/500, the correspond-
ing diagnostic titre for human beings will be 1/50; and so on for other
countries.

If the country concerned is not yet ready to adopt the recommendations
of the international bodies mentioned above, it can still use the International
Standard Serum as a common yardstick to show the real relation of its
own titres to those being obtained and reported in other countries. To take
the examples given in the previous paragraph: if it obtains a titre of 1/1,000
with the International Standard Serum and knows that another country
obtains 1/500 with the same serum, it knows at once that its method is
twice as sensitive as that of the second country, and that with any other
Brucella serum it might expect to get titres twice as high ; or, vice versa,
that if the same titres are obtained for different samples in the two countries,
its own result would mean an antibody content of only one-half that
indicated by the same titre in the second country. Moreover, if, as recom-
mended by the Joint FAO/WHO Expert Panel on Brucellosis at its first
session,1' workers in each country attach a brief note to those of their
papers in which agglutination titres are mentioned, stating the titre obtained
when the International Standard is tested by their own methods, every
worker will know the real relation of the titres reported and will be able
to use the data of other workers, not only as regards diagnostic titres, as
referred to above, but also as regards such matters as response to vaccine
and the appearance and maintenance of titres after infection.

The third use that can be made of the standard-and in this case it
is a national standard that is particularly in mind-is to measure the
sensitivity of agglutinating suspensions prepared in a given country. Suc-
cessive batches can then be adjusted to uniform agglutinability so that,
when used by the same methods, they will give the same titre with a given
serum, and thus make direct comparison of results possible over long
periods of time, or in widely separated places. For example, it was for this
purpose that the original British standard dried serum was used in 1933,
and at present all Br. abortus test suspensions in Great Britain are adjusted
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to give 50% agglutination at a 1/480 dilution of the national standard
serum-which is exactly equivalent in potency to the International Stan-
dard. It is believed that all suspensions issued for use at home or abroad
during the last 20 years have been of similar sensitivity.

Similarly, two (or more) countries can agree to adjust their methods so
as to obtain the same titre with the same standard serum. It is not essential-
though it is an advantage-that the countries (or laboratories) concerned
should use the same strains or methods. It is only necessary that their
methods should be known to give the same answer, that is to say, titre,
with the same standard serum. They may then be expected to give the same
titre with other sera. It is important to remember, moreover, that any
significant divergence from this would suggest immediately a lack of
homogeneity of the antibody or antibodies concerned, and should be
investigated.

To summarize this section - the International Standard Serum, or a
national standard of equivalent potency, can be used

(a) to ensure uniformity of titres obtained in the same or different
countries by the same or different methods;

(b) to show the real antibody relation of the titres obtained in the same
or different countries and so make possible intelligent appraisal of the
results obtained by other workers ; and

(c), based on (a) and (b), to make the setting-up of diagnostic criteria
of the same real meaning in terms of antibody, or to make clear the real
relationship between the criteria of different countries.

Other serological tests

The use of the International Standard Serum with regard to the agglutina-
tion test has been dealt with at length because it is by far the most widely
and commonly used test. There is no reason, however, why it should not
be equally useful in respect of other serological tests, such as the comple-
ment-fixation test. The International Standard for Anti-Q-Fever Serum
(see page 10 of the seventh report of the WHO Expert Committee on
Biological Standardization 9) is in fact being used mainly to characterize
the complement-fixation test for that disease.

The International Standard Serum has also already been used to stan-
dardize a stained antigen for use in a new test for examination of whole
milk (Gregory 3), and to standardize the antigen used in the milk ring test,
though with this test important variables which also play a part are the
amount and character of the fat globules in the milk to be tested.

Characterization of agglutinating suspension of Br. melitensis

The International Standard is, as its name implies, an anti-Brucella
abortus serum. Experience has shown, however, that agglutinating suspen-
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sions of Br. abortus and Br. melitensis which have been adjusted to the
same end-point with the International Standard Serum give similar results
when they are used to test sera containing Brucella antibodies, irrespective
of whether they are the result of infection with Br. abortuts or with Br.
melitensis. There is also no reason to think that the same is not true of
Br. suis infections. It would seem, therefore, that the International
Standard for Anti-Brucella abortus Serum can be equally well used to
characterize Br. melitensis agglutinating suspensions, presumably because
of the large proportion of common antigen.

Adoption of a Unitage System

It will have been noted that, in the diagnostic recommendation quoted
earlier, the recommended titres are expressed as a fraction of the titre
obtained when the method of the country concerned is used to test the
International Standard Serum. The adoption of a unit system, as recom-
mended by the WHO Expert Committee on Biological Standardization
(see page 13 of the committee's seventh report 9), would in many ways
facilitate the setting-up of agreed international criteria as well as the ex-
change of information of various kinds. Suppose, for example, it is known
that the methods of countries A and B give titres of 1/500 and 1/1,600
respectively with the International Standard, and that different sera in
those two countries are reported as having titres of 1/40 and 1/128 respec-
tively, it is by no means obvious at first sight (to the non-mathematician)
that the antibody content is the same.

With the adoption of the unitage system it is, however, known that each
ampoule of the International Standard contains dried material equal to
1,000 units, and if this is reconstituted in the usual way with 1 ml of distilled
water, a solution containing 1,000 units per ml is obtained. c Therefore the
first serum above, with the titre of 1/40 in country A, whose methods gave
a titre of 1/500 with the International Standard Serum reconstituted as

1,000 x 40
above, would contain -,00 = 80 units per ml; while the second

serum, with a titre of 1/128 in country B, whose methods gave a titre of
1,000 x 128

1/1,600 with the International Standard Serum, would contain - 1l600 c

i.e., 80 units also; hence, if both are expressed in International Units, it is
obvious at once to all concerned in any country that the antibody content
is the same. Similarly, a serum with a titre of 1/100 in country A would

c This is not exactly correct, because by dissolving the dried material with 1 ml (instead of making it
up to 1 ml) the final volume is greater than 1 ml. This addition of exactly 1 ml has, however, the advantage
of simplicity, while the error is constant and in any case is not important, because the 1 ml is further diluted
with saline to 1/200 or more, since the agglutination end-point of all test antigens is at or above this point.
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have a unitage of 200 per ml, and its true antibody content in relation to
the sera quoted above would be at once recognizable.

The recession of titre following treatment of a human case or the rise
in titre in animals injected with S19 vaccine could be dealt with in the same
way. For example, it might be stated that the serum of a patient on admission
had an antibody content of 300 units per ml (i.e., three times the minimum
concerned in the FAO/WHO committee's resolution quoted earlier), but
that after treatment with aureomycin the titre receded to 100 units in four
weeks, remaining at that level for some months ; or that the average antibody
content of a group of bovines injected with S19 rose to, say, 100 units per
ml at the end of one week, 250 at 2 weeks, and a peak of 1,600 units at three
weeks, receding after that to, say, 90 at six months, and 0-50 units at the
time of the first parturition two years later. In the resolutions quoted
earlier, instead of saying " a titre of one-tenth of the titre obtained when
the method and antigen [of the countries] concerned are used to test the
International Standard Anti-Brucella abortus Serum", one would say,
simply, " agglutinin content of 100 units per ml ".

In each case the statement of agglutinin content could have only one
meaning, because the International Unit has been defined by international
agreement once and for all as indicating a given amount ofBrucella antibody.

RESUMIE

Lorsque, en 1933, la lutte systematique contre la brucellose dans les troupeaux fut
entreprise en Grande-Bretagne, il s'avera necessaire de disposer d'un serum agglutinant
etalon, permettant d'evaluer les suspensions agglutinables preparees par les divers labo-
ratoires pour les reactions de diagnostic. Un serum bovin naturel, desseche, dont la
teneur en agglutinine parut adequate fut choisi comme reference. Les suspensions bact6-
riennes etablies par les divers laboratoires, comparees au moyen de ce serum, presen-
taient entre elles des differences considerables meme si l'on utilisait la meme souche
bacterienne, le meme nombre d'organismes et les memes methodes de travail. DMs lors,
toutes les suspensions agglutinables utilisees pour le diagnostic, en Grande-Bretagne,
furent preparees dans un seul et meme laboratoire et standardisees par rapport a ce
serum etalon, de sorte que les resultats puissent etre valablement compar6s.

Les diff6rences et les variations furent encore plus manifestes lorsque, sous les auspices
de l'Office International des Epizooties (OIE), les suspensions agglutinables, les m6thodes
employees pour l'agglutination et les criteres de diagnostic adoptes dans les divers pays
furent compares. Pour tenter d'uniformiser les epreuves et de rendre les resultats com-
parables, l'OIE adopta en 1937 le s6rum etalon britannique et recommanda son emploi
dans les divers pays pour etablir l'indice d'agglutinabilite des suspensions d'epreuve
ainsi qu'un titre minimum de diagnostic positif de la brucellose.

Apres une interruption de plusieurs annees imposee par la deuxieme guerre mondiale,
le sujet fut repris par 1'OIE en 1948. L'etalon dont l'usage avait ete recommande en 1937
fut reconnu comme 6talon international et des titres minimums pour le diagnostic furent
fixes, d'apres l'experience des pays qui avaient utilise pendant plusieurs ann6es les tests
d'agglutination pour le diagnostic de la brucellose dans les troupeaux.
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Ce s6rum desseche fut aussi adopte comme 6talon par le Troisieme congres am6ricain
de la brucellose et par le Groupe mixte FAO/OMS d'experts de la Brucellose, en 1950.
En 1951, le Comite d'experts de 1'OMS pour la Standardisation biologique d6cida d'etablir
un 6talon international et recommanda qu'il fut pareil A celui de 1'OIE. En 1952, l'etalon
international de Serum anti-Brucella abortus etait etabli et l'unite d6finie comme corres-
pondant A 0,091 mg de l'Etalon International. (Ce serum peut servir aussi a caracteriser
les suspensions de Br. melitensis.)

Le Serum Etalon International est A la disposition des laboratoires nationaux pour la
speification de leurs methodes d'epreuve et l'Ftablissement d'etalons nationaux. L'auteur
indique les cas dans lesquels le recours au Serum Etalon International est recommande.

L'adoption d'un systeme de notation en < unites > plut6t qu'en (( titre # recommand6e
par le Comite d'experts pour la Standardisation biologique, faciliterait l'6tablissement
de criteres, reconnus sur le plan international, ainsi que l'echange de renseignements
scientifiques entre les pays. Ce syst&me eviterait l'emploi de <titres > comme termes de
comparaison, notation qui peut creer de la confusion si la reference au serum etalon
international n'est pas clairement specifiee.

REFERENCES

1. Bull. Off. int. Epizoot. 1948, 30, 434
2. Great Britain, Ministry of Agriculture and Fisheries Veterinary Laboratory (1953)

Laboratory methods for detection of brucellosis. In: WHO/FAO Seminar on
Zoonoses, Advances in the control of zoonoses, Geneva, p. 105 (World Health
Organization: Monograph Series, No. 19)

3. Gregory, T. S. (1953) J. comp. Path. 63, 171
4. Stableforth, A. W. (1936) Bull. Off. int. Epizoot. 12, 107
5. Stableforth, A. W. (1936) J. comp. Path. 49, 251
6. Stableforth, A. W. (1950) Bull. Off. int. Epizoot. 34, 229
7. World Health Organization, Expert Committee on Biological Standardization

(1952) Wld Hlth Org. techn. Rep. Ser. 56, 16
8. World Health Organization, Expert Committee on Biological Standardization

(1953) Wld Hlth Org. techn. Rep. Ser. 68, 9
9. World Health Organization, Expert Committee on Biological Standardization

(1954) Wld Hlth Org. techn. Rep. Ser. 86, 6, 10, 13
10. World Health Organization, Joint FAO/WHO Expert Committee on Brucellosis

(1953) Wld Hlth Org. techn. Rep. Ser. 67, 7, 14, 16
11. World Health Organization, Joint FAO/WHO Expert Panel on Brucellosis (1951)

Wld Hlth Org. techn. Rep. Ser. 37, 19


