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The Expert Committee on Biological Standardization of the World Health Organiza-
tion recommended at its first session, held in Geneva in June 1947, that international
standards for anti-A serum and anti-B serum should be established and that, to this
end, pooled samples of high potency of both sera should be submitted to comparative
tests by various workers and their potency expressed in appropriate units.

Preparation of the Standards

Human anti-A and anti-B sera were collected in the USA by Dr. J. J.
Griffitts of the National Institutes of Health, Bethesda, Md., and in the
United Kingdom by Dr. A. E. Mourant and his colleagues in the Ministry
of Health's Blood Group Reference Laboratory at the Lister Institute,
London, and in the National Blood Transfusion Service. For both the
anti-A and the anti-B sera the contributions from the USA were collected
mainly from persons whose circulating antibody had been increased by
artificial immunization ; the anti-A titres of the individual sera ranged
from 128 to 1,024, and the anti-B titres from 256 to 512: the sera were
pooled and held in the frozen state in Washington. The anti-A and the
anti-B British contributions, whose titres in both cases ranged from 256
to 512, contained only naturally occurring antibodies, and were each held
separately in the frozen state. In June 1948, the US contributions were
flown to London in the frozen state, and the preparation of the standards
was immediately undertaken. The various contributions were tested and
blended by Dr. M. Mackay of the Lister Institute. The US pool and the
individual British sera were melted ; samples were titrated and tested for
sterility. Suitable sera were then blended in the final pool, which was
Seitz-filtered and sampled for titration and sterility tests. The filtered pool
was distributed in l-ml and 5-ml quantities into ampoules, which were
dried in a centrifugal freeze-drying machine by Dr. R. A. Kekwick of the
Lister Institute, London. The necks of the ampoules were constricted and
the contents subjected to a further drying, at room temperature, over
P205 in vacuo. The ampoules were then filled with dry nitrogen and sealed.
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The sera were distributed from Grade A microburettes and the error
of the distribution determined in a random sample by drying the contents
of each ampoule, weighing, washing the ampoule, and weighing the empty
ampoule. The overall scatter of errors was approximately 1.5% in the
5-ml lots and 2% in the 1-ml lots. It will be realized, therefore, that recon-
stitution of the sera by the addition of 1 ml and 5 ml respectively of water
will provide an antibody solution whose strength does not vary by more
than 2% from that of the original material; so that for ordinary purposes
of comparison by measurement of agglutinating titre reconstitution in
this way is sufficiently accurate. For those who wish to reconstitute more
accurately, the weight of dried serum can be determined and the volume
of water to be added calculated exactly. The mean weight of dry material
in 1 ml of the anti-A serum is 88.7 mg, and of the anti-B serum is 90.1 mg.

In order to avoid any processes which might introduce heterogeneity
into the standard preparations as finally sealed in the ampoules, it was
decided to limit the number of ampoules prepared to the amount of pooled
serum which could, in one day's work, be filled into ampoules by precision
methods and which could be freeze-dried in one run of the centrifugal
freeze-drying apparatus. Accordingly, 140 5-ml and 800 1-ml lots of
anti-A serum were dispensed on one day and freeze-dried ; and 145 5-ml
and 880 1-ml lots of anti-B were similarly treated the following week.

During the freeze-drying, however, there was in each case a remelting
of the serum in some of the ampoules so that the final product, though
fluffy, was in a flat layer at the bottom of the ampoule ; in the remaining
ampoules the serum dried properly in the form of a slope on the side of
the ampoule. Tests showed no significant difference between the titres
of sera reconstituted from the flat and the sloped preparations. Never-
theless, the titres in the former tended to be slightly lower and, for this
reason, only sloped preparations were set aside for the international
standard. Of the anti-A serum there remained therefore 52 5-ml lots and
478 1-ml lots, and of the anti-B, 53 5-ml lots and 823 1-ml lots.

The ampoules were held at -10OC after drying. Titration of the contents
after reconstitution gave substantially the same results as those from the
original pools. It can therefore be stated with some confidence that there
was no substantial loss of agglutinating potency during drying.

Tests of the Standard Preparation

Specimens of the proposed standards were distributed to research
workers in eleven laboratories, asking for their opinion of the two sera
with special regard to:

(a) titres obtained by the method of titration in current use in their
laboratory;
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(b) titres obtained by any other standard method that the worker
might like to try;

(c) avidity;
(d) specificity for A1, A2, A2B and B cells.
The following kindly undertook these investigations -

CANADA Dr. J. Gibbard, Laboratory of Hygiene, Department of National
Health & Welfare, Ottawa, Ontario

CZECHOSLOVAKIA Dr. K. Raska, Department of Microbiology, State Public Health
Institute, Prague XII

DENMARK Dr. E. Freiesleben, Statens Seruminstitut, Amager Boulevard 80,
Copenhagen

FRANCE Dr. J. Moullec, Centre National de Transfusion Sanguine,
53, boulevard Diderot, Paris

ITALY Professor E. Carlinfanti, Istituto Sieroterapico Italiano, S. Gia-
como dei Capri 60, Naples

NETHERLANDS Dr. J. J. van Loghem, jr., Centraal Laboratorium van den
Bloedtransfusiedienst, Binnengasthuis, Amsterdam

NORWAY Dr. 0. Hartmann, Statens Institutt for Folkehelse, Geitemyrs-
vegen, 75, Oslo

SWEDEN Dr. B. Broman, Statens Rattskemiska Laboratorium, Stockholm

UNITED KINGDOM Dr. A. E. Mourant, Blood Group Reference Laboratory, Lister
Institute, Chelsea Bridge Road, London

USA Dr. J. J. Griffitts, National Institutes of Health, US Public
Health Service, Bethesda, Md.
Dr. H. C. Batson, Department of Biologic Products, Army
Medical Department, Research and Graduate School,
Washington, D.C.

Results of the Test

Table I lists the results from the eleven participating laboratories. Only
the titrations against A, A1B, A2B and B erythrocytes are recorded ; and
where necessary the titres are adjusted to be equivalent to the initial dilution
of serum that would give the same result when mixed with an equal volume
of red-cell suspension. In view of the wide variety of techniques employed
the results are gratifyingly consistent.

The standards are required for the titration of agglutinating potency
and the measurement of avidity of diagnostic antisera.

Agglutinating potency of the sera
The macroscopic agglutinating test cannot provide an absolute measure

of the agglutinating potency of the sera, because the result of a titration
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TABLE 1. SYNOPSIS OF TESTS ON THE INTERNATIONAL STANDARD
ANTI-A AND ANTI-B BLOOD-GROUPING SERA

Results

Laboratory Method Anti-A and
~~ ~~~~ Anti-B and

A,L A,, A2B cells B cells

1 NIH a Titreb 128 128 64 256
Avidity c 5 5 22 5

2 Lab. d (2% RBC) e Titre 1,536 - - 1,536
Avidity 3 15 - 2

3 MRCf Titre 256 64 - 256
(approx. 2% RBC) Avidity - - -

Lab.

Lab. (3% RBC)

6 MRC

7 MRC

8 Lab. (2% RBC)

NIH

MRC

NIH

Lab. (1% RBC)

NIH

MRC

Titre
Avidity

Titre
Avidity

Titre
Avidity

Titre
Avidity

Titre
Avidity

Titre
Avidity

Titre
Avidity
Titre
Avidity
Titre
Avidity

Titre
Avidity
Titre
Avidity

256 - 32
6 - 17

512 256 128
8 11 15

512 256 128
10 15 45

256 128 64
7 9 23

256

512
4

256

512

353
3

256
5

256

64 16

256 32-64
4 18

32

64

108
12

128
5

128

16
11
32

256
4

512
6

512
15

512
7

128

256-512
3

128

256

215
3

256
5

256

National Institutes of Health, Bethesda, Md., USA
Reciprocal of serum dilution
Time in seconds for slide agglutination
The investigating laboratory's own method
Red-blood corpuscles
Method recommended in: " The determination of blood groups ", London, 1945
(Med. Res. Coun. War Mem. No. 9)

will vary with the technique and the batch of cells used. Indeed, an absolute
measure is not required. The function of the standard is to provide a

preparation of fixed though arbitrary potency. It must be assumed that
when a standard serum and an " unknown " serum are titrated in parallel
by a given method, both sera are equally affected by all the factors that
determine the sensitivity of the titration. The potency of the unknown
serum can then be expressed in terms of the international standard, and,

4

5

9

(a)
10 (b)

(c)

(a)
11

(b)

aNIH-
b Titre
c Avidity =
d Lab.
e RBC
f MRC -
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with due regard to the errors inherent in the methods, it should be the
same whatever method is used. The Expert Committee on Biological
Standardization of the World Health Organization has therefore assigned
to the two sera an arbitrary potency and expressed it in agglutinating
units. The unit chosen should have a maximum general usefulness. It
will be seen (table I) that, with the exception of the result from laboratory

TABLE II. FREQUENCY OF TITRES
OBTAINED IN 12 TESTS

(EXCLUDING TESTS 2 AND 10c)

Number of tests

Titre
Anti-A Anti-B

versus A versus B

128 1 2
256 1 6 +72 a
512 4 3 + 1/2 a

12 12

a Laboratory No. 9 records both 256 and 512

No. 2, where the test was extremely sensitive, the macroscopic agglutina-
tion titres of both sera fall between 1/128 and 1/512; and that (table II)
the titre most commonly found in 12 tests was in both cases 1/256.

In most titrations, the dilutions of antiserum were made in two-fold
steps and it is neither necessary nor profitable to determine a more precise
average of the results. It would, however, be convenient if the agglutinating

TABLE III. SIMILARITY OF TITRES WITH
ANTI-A AND ANTI-B SERA IN 13 TESTS

(EXCLUDING TEST 10c)

Titres Number of tests

anti-B < anti-A 3
anti-B = anti-A 8
anti-B > anti-A 2

[ ~~~~~~~~~~13

unit of the anti-A serum were approximately equivalent to that of the
anti-B. The anti-A and the anti-B titres are equal in 8 of 13 titrations
(table III) ; the anti-B titre is smaller than the anti-A in 3, and greater
than the anti-A in 2 titrations. The potencies may therefore be regarded
as substantially equal, though the anti-B probably is a little less strong
--as suggested by the results of the third titration made in laboratory
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No. 10, where a careful intrapolation was applied to results obtained by
a two-fold dilution method. However, in view of the fact that two-fold
dilutions will commonly be used for the purpose of titrating diagnostic
antisera, the difference is not great enough to warrant distinguishing the
two sera by assigning different potencies.

To each antiserum therefore is assigned an agglutinating potency
of 256 international units per ml of reconstituted serum. This does not
mean that a given laboratory worker must produce diagnostic anti-A and
anti-B sera with titres of 256 by a particular method. The concentration
in international units, of diagnostic sera issued for use, is a matter for
individual decision ; it may, for example, be 64, 100, or 512 international
units per ml.

Avidity of the sera

There is a wide range of times in the avidity tests made by the eleven
laboratories. Thus the times taken in seconds range from 3 to 10 for Al,
4 to 15 for A2, 11 to 45 for A2B. Bearing in mind the variation in concen-
trations of cell suspensions, it is clear that these avidities are of the order
that might be expected in a good agglutinating serum, though some of
the participants felt that the avidity for A2B cells was a little low.

The times for the anti-B serum ranged from 2 to 15 seconds and the
avidity may therefore be considered satisfactory.

Potency of the International ABO Blood-grouping Sera

Anti-A. One international unit is contained in 0.3465 mg of the inter-
national anti-A blood-grouping serum standard, which is a dried prepa-
ration of serum ; and 256 international units are contained in 1 ml of the
standard preparation when reconstituted with water to the volume of the
standard serum from which it was derived.

Anti-B. One international unit is contained in 0.3520 mg of the inter-
national anti-B blood-grouping serum standard, which is a dried prepa-
ration of serum ; and 256 international units are contained in 1 ml of the
standard preparation when reconstituted with water to the volume of the
standard serum from which it was derived.

Use of the ABO Standards

For ordinary purposes of standardizing grouping sera by titration
and by simple avidity tests, it is sufficiently accurate to reconstitute the
contents of an ampoule with 1 ml of distilled water, carefully measured.

It should be emphasized that in assigning a unitage to a serum so
titrated the absolute values of the titrations obtained are not of prime
importance; the important measurement is the comparative value of the
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titrations obtained with the standard and with the serum under test. This
applies particularly to the anti-A standard, because titrations obtained
with A2 and A2B cells will be consistently lower than titrations obtained
with A1 cells. Nevertheless, when an anti-A serum in comparison with the
standard proves to have the same titre with, for example, A2B cells, even
though both titres are exceptionally low (say 1/16), the unitage of the
unknown serum is 256/ml. In the same way, the unitage ofan anti-A serum
would also be 256/ml if in a titration with A cells the titres of the unknown
and standard sera were both, say, 1/1024.

This reasoning is based upon the assumption that the anti-A serum
contains only one kind of antibody, and that the differences in titre with
different kinds of A cells are due solely to the varying affinities of the
different A antigens for this antibody. The anti-A standard, however, is
probably a mixture of antibodies to different A antigens, and in a com-
parison with an " unknown " anti-A serum containing a different propor-
tion of these antibodies, the ratio of titres, standard / "unknown", may
vary with the type of A cell used. For general purposes, however, it is
justifiable to treat the anti-A standard as homogeneous with respect to
the specificity of its antibodies.
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SUMMARY

The Expert Committee on Biological
Standardization of the World Health
Organization recommended in June 1947
that international standards for anti-A
serum and anti-B serum should be estab-
lished.
Human anti-A and anti-B sera were

collected in the USA mainly from persons
whose circulating antibodies had been
increased by artificial immunization and
in the United Kingdom from persons with
naturally occurring antibodies. The titres
of the US anti-A and anti-B sera ranged
from 128 to 1,024 and from 256 to 512
respectively and those of the British sera
from 256 to 512 for both anti-A and anti-B.

RIESUMJt
Le Comite d'experts pour la Standardi-

sation biologique de l'Organisation Mon-
diale de la Sante recommanda, en juin
1947, que l'on etablisse des etalons inter-
nationaux pour les serums anti-A et anti-B.

Des lots de serum humain anti-A et
anti-B ont ete recueillis aux Etats-Unis,
principalement sur des sujets chez lesquels
la formation d'anticorps avait ete stimulee
par l'immunisation artificielle, et au
Royaume-Uni, sur des personnes ne pre-
sentant que les anticorps se trouvant nor-
malement dans le serum. Le titre des lots
provenant des Etats-Unis variait de 128
a 1.024 pour le serum anti-A et de 256
A 512 pour le serum anti-B, tandis que
celui des lots provenant du Royaume-Uni
variait de 256 a 512 pour les deux serums.
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The sera from the USA and the United
Kingdom were melted and the pool was
Seitz-filtered and sampled for titration and
sterility tests. The pool was then distri-
buted in 1-ml and 5-mi quantities into
ampoules which were freeze-dried and then
filled with dry nitrogen and sealed. These
processes are described in some detail.
It is believed that reconstitution of the sera
by addition of 1 ml and 5 ml respectively
of water will result in an antibody solution
differing in strength by not more than 2%
from the original one.

Specimens of the proposed standards
were distributed to workers in 11 labora-
tories. With the exception of results from
one laboratory, the microscopic agglutina-
tion titres of both sera fell between 1/128
and 1/512; the titre most commonly found
was in both cases 1/256. There was a wide
range of times in avidity tests, though not
greater than might be expected in a good
agglutinating serum.

As a result of these tests one international
anti-A serum unit has been established as
being contained in 0.3465 mg of the
international anti-A blood-grouping serum
standard and one international anti-B
serum unit in 0.3520 mg of the inter-
national anti-B blood-grouping serum
standard. Both sera have an agglutination
potency of 256 international units per ml
of reconstituted serum.

Pour chaque serum, les lots provenant
des Etats-Unis et du Royaume-Uni ont
ete melanges et le melange passe au filtre
Seitz, puis un echantillon en a et6 titr6
et soumis a des epreuves de sterilit6. Le
melange a ensuite te reparti, par quantit6s
de 1 ml et de 5 ml, en ampoules qui, apres
lyophilisation, ont et6 remplies d'azote sec
et scellees. Ces differentes operations sont
decrites d'une fa$on assez detaillee. On
pense que la reconstitution du serum, par
addition de 1 ml et de 5 ml d'eau, respec-
tivement, donnera une solution d'anticorps
dont l'activite ne diff6rera pas de plus de
2% de celle de la solution d'origine.

Des echantillons des etalons proposes ont
et6 remis a des experimentateurs attaches
a 11 laboratoires. A l'exception des resultats
obtenus par un laboratoire, le titre de
l'agglutination microscopique a varie, pour
chaque serum, de 1/128 A 1/512; le titre
constate le plus frequemment, dans les
deux cas, a 6t6 celui de 1/256. Les epreuves
d'avidit6 ont revele de grandes variations
du temps d'agglutination, mais pas plus
grandes que celles presentees par un
bon serum agglutinant.
A la suite de ces epreuves, il a et6

determine une unite internationale de
serum anti-A, dont 1'activite est celle de
0,3465 mg du serum-6talon international
anti-A pour la d6termination des groupes
sanguins, et une unit6 internationale de
serum anti-B, dont l'activit6 est celle de
0,3520 mg du serum-etalon international
anti-B. Ces deux serums ont un pouvoir
agglutinant de 256 unit6s internationales
par mil!ilitre du serum reconstitue.

308


